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ABSTRACT 



A Plexiglas model of Tren&verae Bent #155 1 U.S.S. YORXTO\\TIT, 
was tested asing the Beggs Deformeter. Teat date from an experiment on 
the actual ehiphoard bent was available from a Taylor Model Basin re- 
port. This data was compared with the deformeter results and with the 
resulta derived from pure theory. The comparison indicated that the 
deformeter method and theory gave results essentially similar, diff- 
ering by only an almost constant value. The stresses from the full- 
«cale data differ from those calculated by the theory and by the de- 
formeter method In a linear fashion and such dif:‘'er8r!C3S give rise to 
a stress distribution factor relating tho amount of load taken fore 
end aft by longitudinals along the transverse bent. 
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INTHOHJCTIOK 



The aoalyeli of structural prohlens by the use of oodela le 
not new, haring been given its greatest iapetus by Professor G. K. 
Beggs, of Princeton University, and hie deforaeter technique as early 
as 1922 . Tet wide acceptance of this technique has not been the case 
for geixeral structural analysis, the civil engineers being Jrhe only 
group using it widely in bridge construction. 

Several ships' structures present poBslbilitles for analy> 
sis by the deforaeter method. Several of these are frames in lozigl- 
tudinally framed ships, transverse bents in aircraft carriers, and 
submarine ring frames. 

The purpose of this thesis is to take some ships' structure 
that has had a full-scale stress snalysls made on it, analyze it with 
a Beggs Deformeter and by theoretical means, and make a comparison 
of the accuracies and problems Invloved in each method. These compari- 
sons are made in the DISCUSSION OP BBSULTS 
CHOICB OP SUBJECT 

The choice of a subject suitable for analysis by the Boggs 
Deformeter was limited by the relatively few comprehensive full-scale 
analyses records on ships' structure. The test conducted on the U.S.S, 
TOBKTOWH by LCDR W.P. Roop, USK, and described la DTMB -.EMB Report 
# 471 , February 1941, "Strain Tests on Flight-Deck Framing of U.S.S. 
TORKTOVR and U.S.S. WASP", was chosen as the one most suitable for 
an analysis by the Beggs Deformeter. 

Frame 155 of the U.S.S. TORKTOWN was the one chosen for 

test since results for two loads were recorded in the report, thus mak- 
ing for a more complete analysis. The loads were at the centerline 



1 



and the port quarter-point, as ehovm In Figure 1. Location of the 
gage etatloj^s are also Indicated in this figure. The number indicates 
the order from the deck upward and Inboard, the letter following 
denotes port or starboard, and the third sjnnbol denotes Inboard ar 
outboard. 

Symbols beginning with D indicate stations for horison- 
tal transverse deflections and symbols ending with L denote sta- 
tions for vertical deflections. The preceding symbol indicates center- 
line, port, or starboard. 




Figure 1 - Schematic outline of Bent at Frame 1^3 
Location of Observing Stations 

HBTOHMEIEfi THEORY KSD MOIEL SIHILITOTE. 

A detailed development of the Deformeter Theory and Model 
Similitude is given in Appendix I. The deformeter method entails build- 
ing a model, determining a series of Influence numbers or lines from 
the ratios of interjected and meavured deflections (deformations), and 
applying these Influence numbers to the actual loads for the calcula- 
tion of forces and stresses in the actual structure. Such a method is 
simple, relatively quick, and tends to remove causes for error in the 
analysis. 2 
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PMPARIUO THE lEPOHMETER FOR TEST 



1. The first step for preparing the deformeter fcr test was 
to prepare a level, emooth surface upon which to rest the deformeter 
apparatus and the model. A 3^' x 7' table top was smoothly sanded and 
varnished. 

2. Calibration of the deformeter was the second step in this 
preliminary stage. A plastic specimen was movinted as a fixed reaction 
heam in a gage and the microscope successively serood on the centerline 
of a target 5*101" from the center of rotation of the speclman. 

Figure 2 shows this arrangement of gage end specimen. The various gage 
plugs were inserted in the gage and microscope readings taken for each 
gage plug insertion. These readings are recorded in Appendix II. The 
average readings are taken and the differences between the thrust and 
shear readings and their respective reversals constitute the thrust and 
shear microscope constants. They are actually the movement of the 

gage due to the insertion of the plugs expressed in microscope units. 
The difference between the moment reodings and the reversed moment 
readings, however, must be divided by the target length, expressed 
in inches of prototype length vJhlChln this case is 5*101 x 24 inches. 
These constants are listed for their respective microscopes in 
Table 1. 



Microscope Constants 


Mlcroscoi>e 


107AL 


lOSAL 


109AL 


Thrust Constant 


1296.7 


1288.5 


1287*6 


Shear Goaf taut 


1283.2 


1289*0 


1293*6 


Moment Constant 


10.759 


10.829 


10.858 



Table I 
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Figure 2- Specimen Mounted in Gage as a Fixed Reaction 
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3. The third phase in the preparation of the deforneter for 



test were the test conducted on an elementery beam, the sheart 

thrust, and moment of which could be easily calculated from theory. 

The results were accurate to within a few percent of the theoretical 
values. From these tests procedures were developed to be followed in 
the subsequent testing of the model of the ben>. 

COKSTRUCTIIJG THE MODEL 

A general description of the flight deck structure is as 
follows: "The flight deck is made up of a series of sections placed 
end to end and separated by transverse expansion Joints. Each section 
normally stands by Itself, on rigid transverse franes called bents, 
without support from adjoining sections except for transverse horirontal 
reactions at the expansions joints. ... three bents, spaced approxi- 
mately 6C feet, support the section. Box girders beneath the deck 
edges, and a trussed girder along the centerline, extend over the 
length of the section and are supported by the bents. These longi- 
tudinal girders support intermediate transverse girders spaced at 
l6-foot Intervals between bents. Hesting on the transverse girders and 
on the bents are 12-lnoh longitudljial deck beams which support the 
deck plating to which the wood planking is atteohod. *"• 

The cross sectional aireas, moments of inertias, section 
moduli, and model cross sectional dimensions were determined fsom 
the plans of the bent (Refs. 30 3^) stations along the leg 

and span of the beam where the number, scantlings, or sorangement 
of effective members changed and in the neighborhood of the knees 
using sections as nearljr equivalent as could be estimated. These 

• Reference 19 » page 1 
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calculation® are made ajid shown in Appendix III. The abscissa for 
this and all other graphs consists of a scale of distance from 
centerline ooasured along the lower flange of the prototype to the 
gage atntloAB I' target poln,ta) shown in Figure 1. 

Ths plan of the modal, figure 3* gives dlnenslons of the 
model that are equivalent to the prototype. It also shows that the 
locations of the gage stations (target points) on the model ere on 
the centerline, even though the actual gage stations wore on the 
Inner flange of the prototype. Since the axial force and bending moment 
are computed separately In the deformeter method the error Introdu- 
ced Is negligible. 

The model was constructed out of plastic to the dimensions 
shoviTi on the plan. The model was cut on a handsaw and filed to sirs 
by hand, using aicroneters to get it to site. The magnitude of the 
error In finishing Is shown by inspection of the plan. The cliaractor- 
Istics of the plastic used are described in Appendix IV. 

The target points Indicated on the model plan were put on 
the model using horizontally and vertically scribed cross lines. 

TESTING THE MOEEL 

1. Mounting the modol. The feet of the bent model were 
mounted in gages, clamped to correspond to an assumed fixed end bent. 
Care was taken to insure that the centerlines of the gages and model 
coincided. This model was secured to the table using wood screws through 
the gages. The centerlines of the gages were placed parallel to each 
other and at the dlst&sice shown on the model plan. The perpendiculars 
to these centerlines at the feet of the model were made to he coincident 
when the normal plugs were Inserted In the gages. The bases of the 
gages were separated from the table top with glass plftes,and the 
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model W5-S supported at Intervale aloofe its length by ball bearings 
resting on similar glass plate*. Lead v/eights were placed on the model 
over these hall bearings so that the model ren-ained essentially in one 
plan*. 

2. Aligning the nlcroBCopeB. Three microscopes were then 
aligned over the chosen targets. These targets were the same for all 
runs. Two placeineats of each ralcrosoope were asoessary for each run 
as there were six targets. These targets were SD, gS> ?D, SPI , UPI, and 
2 PI. The procedure used for adjusting parallax and aligning the Cross- 
hairs of the microscope as recommended In Deformeter Bulletin #2 
which was supplied with the equipment. 

The horizontal and vertical crosshairs refer in each case 
to the scribed crosslines at the tejrget points rather than to the model 
centerline and its normal. 

The targets actually used In the succeeding tests were email 
specks of foreign material located as nearly as possible to the inter- 
section of the scribed targe-s lines on the model. As each plug was in- 
serted in the given gage for each run, first the horizontal and then 
the vertical crosshair v/as brought over the target and ouccesciva micro- 

I 

scope readings were taken. Four readings were taken and averoged for 
each plug and crosshair. 

3. Bun #1. Normal plugs were inserted in the starboard gage. 
Different plugs were inserted in the port gage and Horizonte 1 and vort- 
ical readings were taken at three microscope positions. The order of 
insertion of these plugs were normal, thrust, thrust i-eversed, shear, 
shear reversed, moment, and moment reversed. The microscopes were then 
shifted to the remaining target points and the plugs reinserted in the 
same order. 
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U. Bun #2. Normal plugs were inserted in both gsiges. A 
floating gage was then placed in the model at lOPI . The centerline 
of the gage was placed coincident with the centerline of the model 
at lOPI. Normal plugs were Inserted In this gage and the gage attach- 
ed to the model by the small clamping bars. The normal plugs were 
removed and the model was severed between the clamping bars. The 
gage rested on two glass plates, with three ball bearings sandwiched 
between. The procedure for conducting the run was then identical to 
Run #1 except that the different plugs were Inserted in this float- 
ing gage. 

5 . Huns #3* ^ 5 ’ These runs were identical to Run #2 

except that the floating gages were successively located at 9PI 1 
7 PI , and SD. All previously cut onctlons had normal plugs Inserted 
in their gages. 

A.11 readings taken for all rrns are recorded in Appendix V. 

Figure U shows the deformeter apparatus and setup for 

Run 
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FIOUEE 4a PLAN VIEW OF BE FORME TER SETUP 
The plastic model Is shown clamped in gages at the feet with 
floating gages mounted at four points on the span. The microscopes 
are set over targets on the plastic model. All gages have normal 
plugs in them so that the readings correspond to the uncut bent. 
Substitution of the thrust, shear, and moment plugs at any gage 
leads to the calculation of the influence coefficient at that 
gage position for a load at a microscope position. The gages are 
stored with the plugs in the box at the upper left in the pictiire. 
The box at the upper right normally holds the microscopes. 
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FIGUEE END VIEW OP THE DEFORNETER SETirP 
The micrometer meaEuring head is leen near the eyepiece of the 
microscope. The Icnoh on the head controls the movement of the 
croBB-halrs in the field of vision of the microscope. Coarse 
readings of 100 units are made at the crosshairs on e scale in 
the field of vision, and the knob ie graduated in 100 units per 
revolution for a fine reeding. This reading can be interpolated 
by eye to 0.1 of a fine reeding unit. Each unit is approximately 
oquel to 0.001 millimeter. 
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JIOURE 4c OBLiqUE VIEW OF THE DEFORMETER SETUP 
Plugs are clearly ehovm In this viaw as are the glasa plates on 
which the model rests. Load weights on the bent model hold the 
model on the ball bearings so that it Is In a plane at those points. 
These ball bearings rest on the glass plates. Floating gages also 
rest on glass plates, which In turn rest on other ball bearings, 
which are on the bottom plates. 
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REDUCING DSPORiMETSR MTA 



All readings were averaged and the differences between 
averaged readings for plugs and the reversed positions were taken. 

Then these differences were divided by the microscope constants 
from Table I. Tor thrust and shear pl’igs, those give the ratio between 
the movement of the microscope targets to the motion of the gage — 
and since both are in microscope units, the ratio is dimensionless. 

It is the y^/yq value referred to in Appendix I. For the moment 
plugs the difference divided by the constant gives the moment at the 
gage point for a unit load at the target points. 

These Influence coafficients were plotted on their respec- 
tive graphs in Appendix 71. From these points faired values of Axial 
Force, Shear, and Bending Moment were abtalned. The elope of the 
bending moment curve was determined from an integration of the shear 
curve and this slope was used In obtaining the faired bending moment 
curve as well as the Influence points from the microscope headings. 

These faired curves ware cross plotted to obtain the deform- 
eter Influence lines (solid lines) as shown in Figure 5* 

THEORETICAL CALCUUTIONS 

The simplest hay portal frame that could be assumed was 
chosen to represent th« transverse bent. The legs were assumed to 
have the same moment of Inertia from the deck to the knse. The knee 
was assumed, rigid. The bean was assumed to have a constant moment of 
inertia and different from the legs. These arbitraay values chosen 
were from Appendix III and are representative as average values of 
the actual effective moments of inertia of the bent. 

MOMENTS OF INERTIA 
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The formulas for determining the theoretical Influence llnee 
using these assumptions were taken from Reference 2f and the calculations 
are shown in Appendix HI. 

These theoretical influence lines are plotted as the dashed 
lines in Figure 5* 

A more rigorous mathematical treatment could hare been used; 
however, it was not thought necessary to complicate the theory at this 
time because of the close agreement in the shape of the theoretical 
and deformeter Influence line curves. 

DERIVATION OF THE BZNT DESIGN FORMULA 

Theoretical and deformeter values from the influence lines 
curves and the stress values from the prototype Torktown bent, abstracted 
from the DTMB-EMB report and tabulated in Appendix Till) were used to 
determine the Bending Moment Curves and Total Stress Curves, figures 
6, 7». 8. The calculations that determine the stress curves for 

the theoretical and deformeter cases from their respective bending 
moment values and the calculations for determining the bending moment 
curves for the prototype case from the stress values are given in 
Appendix IX. Since theory and practical experience dictates that 
the maximum bending moment for a load occurs under the load, and 
since the points calculated from the full scale data of the prototype 
indicate that the maximum bending moment does not occur under the load, 
the value at 9PI was obviously in error for the port load. The value 
at SPI for the centerline load does not fair in and it was assumed 
that the point was also in error, and was disregarded in the fairing. 

For the port load this point also does not fair in, and hence was 
again in error, but assuming this error to be constant, the point 
was taken into consideration to the extent of this error in fairing. 
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BENDING MOMENT PER UNIT LOAD IN 100 INlLa/LB. 
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The mazlmuB value of heading moment and atrese for the port 
load was assumed to he at 9^1 > ^he location of the load. The value of 
the heading moment at this point was taken to he the same percentage of 
the maximum deformeter value at the point aa waa the centerline load 
prototype to deformeter ratio. These curves were then faired in. 

Difference curves, figures 9 ^0 were next obtained. 

These curves are plots of the stress differences between the theo- 
retical and deformeter values, the theoretical and prototype values, 
and the deformeter and prototype values. The calculations for these 
points are tabulated in Appendix X. Curves were faired through these 

points and for the curves shown, mean stress difference lines were 

plotted as straight lines. These mean stress difference lines were 
used to determine the coefficients in the bent design formula. 

The derivation of the bant design formula is given in 
Appendix XI. This formula la as follows: 

3, : "ol ’=1 - ^ ■‘I - So. ■‘a) 

where: s Stress in prototype bent girder lower flange in psi 

9q 1= Calculated stress in bent girder under load In psi 

S - Calculated stress in bent girder at end of span in psi 

X - Distance of stress point from g in inches 
a - Distance of load point from g in inches 
1 r Distance of end of span from g in Inches 
Ki, ^2 = Constants from figure 11 

If Scl and Sgg are calculated from theory Kjijt and Kgip 
are used and if they are calculated from the deformeter method Kip 
and ^ 2 ^ are used. 
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The llmlte of Tslldlty of this formula are indicated hy the 
vertical dashed lines in figure 11. Since the mean stress difference 
cuirre deviated sharply from a straight line relationship at about 63^ 
of the half bent span from centerline, this determined the limit of 
validity of the formula. 

The location of the concentrated load from centerline is 
expressed by the abclssa of the curves as the percentage of the dist- 
ance from centerline of the bent to centerline of the bent leg. 

The ordinate of the curves gives the values of K]_ and Z 2 for theo- 
retical and deformeter solutions at concentrated load points. Above 
the centerline are the values of the constsints for determining stresses 
to port of the load point, and below the centerline are the values 
of the constants for determining stresses to starboard of the load 
point . 
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Figtir* 11 




DISCUSSION OF RESULTS 



The major problems In the analysis of stresses in an air- 
craft carrier bent are as follows: 

1. The determination of the proportion of the applied load 
ceirrled by the transverse bent and the proportion carried by the 
longitudinal members to Intermediate girders and other bents In the 
near vicinity of the bent under consideration. 

2. Selection of the effective structural members In the 
vertical lege and horizontal girder for calculating the area, moment 
of Inertia, and section modulus of the bent at each section. This 
becomes very difficult at the knee. The best method Is to be found 
In reference 22, a modification of which was used in determining 
these values for the knee of this model. 

3. Solution for stresses In a bent hav^Qg these values of 
area, moment of Inertia, and section modulus. Any rigorous solution 
based on the elastic theory Is bound to Involve a very complicated 
solution by means of relaxation or some similar method. 

A comparatively simple method of analysis of stresses In 
a transverse bent of the USS Torktown for concentrated loads on that 
bent has been developed In this thesis, which method will apply with 
reasonable accuracy to a bent on any carrier with a system of flight 
deck structure of similar construction, arrangement, and scantlings. 

Knowing the load for which a bent Is to be designed and 
the allowable stress In the lower flange of the bent, nominal areas 
and moments of Inertia for the legs and girder are then assumed. 
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Th« ralueB of S and S ^ are computed by means of the theoretical 

method given in reference 27> When these assumed values give a 

solution for 3^ that is essentially equal to the allowable value of 

Sjj. then the values of area and moment of inertia thus determined 

may be used to design the sections of a bent. After the bent has 

been designed. It can be tested by means of the Beggs Deformeter, 

and the values of S.i and S again determined. Using these new 

values and the K,. and K_. values from figure 11, the deformeter 
Id 2d 

Sx value can be determined by the formula. This value should 
exist in the actual bent if constructed as designed and tested to 
these loads and should also agree with the value determined by the 
theoretical method. 

The reason for the use of the Beggs Deformeter is evident 
from the curves of figure 11, The and values are very nearly 
the same for the deformeter solution. This indicates a high degree 
of comparison between the deformeter solution of stress In a two 
dimensional bent and the stress in Its full-scale three dimensional 
prototype. The fact that and Kg are not unity reveals the effect 
of the adjoining third dimensional structure since the deformeter 
model is a two dimensional representation of the full scale proto- 
type standing alone. This means that the solutions are more nearly 
representative of what the stresses actually are in the bent than 
are the theoretical solutions. 

In figures 10 and 11 it can be seen that within the limits 

of validity of the formulg, the difference between the theoretical 

and deformeter values is practically a constant for the two loads. 

For the centerline load it is about 2000 psi and for the port load 

about 1700 pel. This shows that there is good correlation between 

24 



the theoretical and defonneter data. The deformeter model auto- 
matically corrects the solution for and S , for this difference, 
the order of magnitude of which might vary on other hents. 
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CONCLUSIONS 



The Begga Deformeter la a very useful tool la the solution 
of complicated ships' structures. Although It Is not as rapid as a 
simply derived and applied theoretical formula. It is much faster 
than a very rigorous and accurate theoretic- 1 solution would be. By 
Its very nature it tends to remove the Inherent Inaccuracies of simple 
theory applied to complicated structures. 

From the deformeter solution and full-scale test data an 
emplt*ical formula was derived which will give a representative pic- 
ture of the distribution of stress. It is believed that this formula 
was derived In a logical manner and will give reasonable results for 
transverse bents of similar or normal construction under similar 
loading systems, 

RECOMMENDATIONS 

It is recommended that additional analyses of other bents 
or similar structures be made, using the method presented herein. 

In order to plot more points on the curves of constants In figure 11. 
This will greatly refine and Improve them to such an extent that 
possibly a simple design criterion would result which would contain 
more fully substantiated constants. 
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APPENDIX I 



THEORY OP lEPOEMETEE AND MODEL SIMILITUDE 




1 




TEBORT 07 THE 12S70HMSTSR HBTHOD 



The Beggs Defonoeter method, ie based on the Hiiller - 
Breslau principle and on the Hazvell - Betti reciprocal theorem. The 
latter theorem is applicable to linear structures and enables the 
former principle to be proved for indeterminate structures. Therefore 
proof of the suitability of the Beggs method will be simply derived 
from the latter. 

Consider the following equations for the deflections of a 




Where y and 7 are as noted on the figure sind is a coeffi- 

cient in standard use: the Influence coefficient or flexibility coef- 
fiolent. 

In general) for n loads 

yn =• ^1^1 +■ ^n2^2 + • • • -}• ^nn^n 
Maxwell siad Betti proved that = ^21 * general, 

kjj =■ kji , i =1,2,3,.-. » J =1,2,3,... ‘ <uid this relation is true 
for any kind of linear elastic structure. 



Consider the following exsusple: 




1*1 



If th9 support at is raaored and a load Is applied at anj 
polat X then the deflection at ^ caused by this load will be 

To nullify the deflection at an opposing force 
of Bq Bust be applied such thitt 

Bq - rx.% 

kqq 

And. similarly. If a force 7^ is required to cause a deflection yq 
In the absence of the support, then 



and at any other point x on the structure 

^x = Wq 

Then 

zi = ^ -fc 

Bence It follows that if the ratio of deflections y^ and yq can be 
determined then the ratio of kq,^ and kqq is known. 

The deformeter method accomplishes this by (a) applying. an 
arbitrary known deflection yq at the point of redundancy or where 
force Talues are required by the Insertion Into gages of closely 
machined plugs, (b) measuring the deflections y^, at another point 
where a Ipiown or assnmed force Is acting, by a filar microscope, 
such measurement to be In the dlreotlon in which 7^ Is acting. Than , 
in the equation 

^ yq 

Rq may be computed and will be the component , of the total force 
acting at , that Is acting in the direction in which y^ was 
applied. 



It remains then to oonrert Bq , which Is within the structure 
(In thlt case, the model) to the corresponding Bq in another Structure 



(the prototype) through the application of theories of model 
similitude. 



MOIEL SIMILITUHJ 

In developing the characteristics of the model to achieve 
model similitude with the structure, dimensional analysis by the 
Buckingham - theorem is used. 



Consider a simple bay portal frame; 




The deflection of the frame under action of the load P 
may be expressed as 

y = (f),(h, 1. li. I2* E. E) 

when deflection due to axial and shear forces is assumed negligible 
By the use of the Buckingham TT- theorem and Van Driest* 
rule this nay be expressed: 



where 



>1' 




TT. ) 


tt, .1 • 


^1 


Cl 

E 




'l • 


C2 

E 


II 


^3 

li ‘ 


B ^ 


/M-i 


b4 

^1 • 


C4 

E 



Substituting fundamental dimensions F and L for the variables; 
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4 







^1 

rr,^ L ' 


4b^ 

• L 


/ - 2 v°l 

(FL ) • 


L = 0 


■n:=L^ 


4b2 

• L * 


(FL * 


L - 0 


— 

/ /5 — L 


4b 

• L ^ • 


(fl" 2 ) 5 * 


4 

L = 0 


77 . 

'M — L 


4bu 

' L 


°4 

(FL ") 


F ^ 0 



where equating to zero indicates that the TT -values are dimension- 
less. Solving the equations for L : 

®'l + ~ 2c -}- 1 — 0 

b .2 -i ^^2 ~ ^^2 ^ — 0 

a3 + Uh^ - 2c^ 4 4 - 0 

4 - 2ci^ — 0 

for F : 

— C2 - c-^ = 0 . C4 — 1 = 0, or C4 - -1 
Referring to the dimensional equations for 77 it is seen that 

b2i and a^ are now superfluous since the equations may he 
satisfied by low integer values of the literal exponents remaining. 
Hence, setting the extraneous exponents equal to zero, we have 



^1 


4 


1 0 , 


or 


ai ^ 


-1 


^2 


■f 


1 - 0 . 


or 


^2 ^ 


-1 


Uh 3 




4 - 0 , 


or 




-i 



Substituting the value of C4 in the last dimensional equation for 77 

a4 4 4b^ + 2 r 0 

Choosing arbitrary values for and b4 we find, for their lowest 

integer values: 

&4 — 2 

b4 = -1 
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Hence the values of TF become J 



-rr, ^ - 



^ •7T3 =!= ■ 



T - pr 

'o -JT 



And the aquation for deflection? 



2 Pl^ ) z: 0 

TT ’ n 



or 



UJA ^ I 2 

T ’ T • T7 

y = l(i( h ^2 Pl^ ) 

^ 1 • Ti' n 



For flexural similarity of two portal framec the 77 -values 
of the deflection equation must be the same for both. Therefore the 
two frames must be geometrically similar ae dictated by 7T, - • The 

ratio of moments of inertia must be the same as dictated by 77", - ^2 . 

V Tpl 2 ^1 

Equality of 77^ — »nd 77^ z ^ is used to correlate the loads 

and deflections of the frames. A further requirement for similarity is 

that both frames obey Hooke's Law under loading. If the effect of 

axial and shear forces are neglected (as they are in this development 

and in the model tests) the values of 3’oisson's ratio for the two 

frames need not be considered. 

Choosing a model layoxit scale times as large an the 

® 1 

prototype, and a model cross-section scale ~ times those of the 



prototype, we have; 



1 8 1 



m 



and 



(depth) d z. r d^ 

IT 

(thickness) t = r t 



Then 



I =: r^I 



m 



m 



where m denotes the model. 



It follows that 
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"but 



77 - is 

77, - _ 



k 

r Ilm 



^2m 

^lia 



Therefore 



Similarly: 



Again 






^ 2 m 



/ ‘ 3-v. 






77- - h _ h 

- T - a~l, 



ra 



but 



and 



s 



TT, = J^^7T, 



ry\ 






I 

p 1 



m 



2 c 
s 









ii 



= // 



2. >V| 



Finally 



Tf 

^4 - fl - 



r^ P„ 



' m 



s^E^E r^I^_ 



1-1 



m 



E 1 

Tf, :°.-s ^ tt4 

s I 

m m 



»V% 



From the above it hae been shown that the TT -values can be equilibrated 



for both model and prototype. 
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The general equation for deflection at any point ^ 

etructure due to a force applied at any point R is; 

yp = ^R ^1 

“ir 

where K is a constant taking into account layout arrangement, posi- 
tion of the load and its general iistributioa throughout the structure, 
and the action of the abutting members. Here again we neglect deflec- 
tions due to axial, shear, and torsional forces. 

Again employing the concept of influence or flexibility 
coefficients, ; 



^PE 



yp . Kii? 
% ^ 



where kpg Is the flexibility coefficient of the section at P. 

For flexural similarity of two structures the flexibility 
coefficients describing deflection characteristics must be of the 
same ratio for both structures. Or, where m denotes the model: 



k 

^11 



11 - *^22 - - . . . z ^PR 

koo 1^7 'km 



m 



‘• 22 , 






'35m 



PR 



■in 



Then: 



k- 



■PR = 



rr 

77- 



^ )m 



Fp 

(l^)m 



Let K. = K, , indicating that the general arrangement and loading 
of the prototype and model are the same. 

Dropping subsrclpts P and R : 

ym 1'^ - " 






ri" I 



m 



^Im 



But due to the t 7^ - values being the same for model and prototype: 



y = ym 

1 r 



or 



y 



- 7. 



m 



m 



Substituting: 
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cr 



T;;rT -FT71; 



S' - ( i: 

1 Jh„ 



ra*m 



4 



Substituting I ~ ^ ^ this force equation: 



m 01 

4 _ 

F^T) 



F - r S 
E, 



m 



VI th k = « and k - : 

J. m 



y 9^ Boi 



?T 



S F 



n 



m 



A.ni since y - s y 



m 



m 



E 



Hence, for homogeneous materials and for the use of the same scale 
factors throughout, this ratio reduces to a constant for all similar 
points on both the prototype and the model. 

Thus it is shown that the flexui’al similarity requirements 
may be met (that is, model and prototype TT'-TO-lues equal and the 
ratio of flexibility coefficients constant for similar points) by use 

I 

of a homogeneous model with a layout scale of i and a cross-section 

s 

scale of Y • 

Since the model is cut from a sheet of constant thickness tj^ 
its cross-section will be rectangular and its moment of inertia will be 

I =. 

m — ^ 

And the depth or width of the member at the cross-section will be; 

7 



dm- 



12 I 



m 



-m 



1-3 



but 



= I 

ffl w, 



Hence 






12 I 
— IT 

r^t 



m 



V.'ith a constant thickness tjjj and a constant cross-sectional scale r 
this reduces to: 

<*„= 

for points on the model corresponding to similar points on the proto- 
type. An arbitrary choice of values for C will then automatically 
determine a value for r and afterwards the value of r need not be 
considered in determining the dimensions of the model. 

For this thesis a value of C = .02 was used, derived as 

follows : 

Thayer indlca-te? that the width of the member at the crown 
should be around 2^ of the span of the model for good flexibility. 

^i dspanm ~ ^ \J ^midspanp 

From the dimensions of the U.S.S. YOPJCTOVflJ, frame 155: 

- SUO" , and Ip - 46.1S6 in' 



"^^mldspaop 35-378 



And 



*^idspanj[j ~ ^m 

K - 8^ 

” -f -55 



Then 



using a scale factor =. 12" 
or B — 24 



.02 X 840 






</ 



midspan 



= .02 for simplification of our calculations. 



I -.9 



Therefore we used C 



It is quite simple to relate forces or moments derived from 
the model to those of the prototype. 



A 



- 






■a- 



Model 



J- 









~ 1^- 



Prototjrpe 



Observe the following; 



Fp = y^ , and - P-, y. 



Choose Fj^ _ in magnitude, F^ being the assumed force on the 
model and Fj^ being the actual force on the prototjrpe. Then 

Fj = Pi, , 8 .Vj^ = yi| , 8 ^2 ~ y-7 



Substituting 



Slml larly : 



^2 = '•h Hi = - ''i yi 



s 7, 



Ft 8 y 
•^3 






hi. 



^4 



a- e: 









Model 



Prototype 



and 



8 ^ 0^ • '^i - J’4 

Substituting 

^^2 - y i - M3 , or s M2 =- M3 

= yi Oz ■r 

and then 



Oz 

Hence forces exlstln/; in the prototype may bo derived from 
the model, if the aeeuTaed load on the model equals the actual load 
on the prototype, by multiplying the aasumed force on the model by a 
ratio of digplacemeats of the model. Similarly, momente eTlstlng In 
the prototype may be calculated by multiplying the assumed force by 
a ratio of displacements of the model and, further, by the layout 
scale fs.ctor cetween the model and the prototype. 
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APPBHDIX II 



CALIBHATIOH 07 lETORMISTSH 



BEOOS OEFORMETER 
DATA SHEET 

REC^jEDEH p£RQY POINT # C'\l\ Q><in Tio ^^ SHEET 4f / 

OBSERVER MICROSCOPE f to<^P)L.'~ DATE 



PLDC 


HORIZONTAL 


VERTICAL 


“TfCRHnr' 


'22 iS.A 






22t3.S 


2. 6' 5 




2 2i^.3 


2 L S' 




2 2.) 4.4 




SUM 




\c>^22. J 


AVERAGE 


22 i 4.4 


2iss,^ 
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THRUST 




2o /iT. 3 


THRUST 


2 23^.4 


3 3^2.5. 




21 3^. S' 


2o /g 3 


REVERSED 


223^:. 5 


33 o i.i 


C^ O 0 


9? 


2 o 1 A.o 


,3->7^V 


22 4 o .4 


32 0 2 .C) 




ZZA 1 ' 0 


2 o ! f 9 




22 3'^J-a 


3 3 c'4 5' 


SUM 


^ 9 ^ J .L 


^0 c 4 


SUM 


2 " 


/3: ' . 


AVERAGE 


a 2 4 o.zj 


2 0 / C / 


AVERAGE 


2 22 2 . 1 


3 7 c 2.7 
2 o 1 S . / 


DirEEREHCE 










CONSTANT 








— <io 


! 2 S' 7, 6 


COEPEICIENT 












SHEAR 


iszs.b 


2 ^ ^ 2 


SHEAR 


2393-4 


26 56.S 


if, 2^301 . 


/ 5'S’e . 0 


2 6 6^.2 


REVERSED 
^ -343^2 

■f 


2?93. 6 


2457 9 


r 


!5^\. o 


Z Ci ! 2 


2?93. 3 


265 5?. b" 


ii.'loloi 


15 




■ff , 3 £>7d c 


.. 2?93- 6 


P45?.« 


SU?.! 


6 3 i" 9 .7 


IS ^2 X 


SUM 


M S 3 3 .9 


iD^ 30 .7 


AVERAGE 


y 5? 9.9 


'2.x Cl. 2 


AVERAGE 




245 7.7 


DIFFERENCE 








; 5 2 9 . 9 


2 4 6 /. a 


CONSTANT 








1 ZS 2 1 


'3-5 


COEFFICIENT 












MOMENT 


.. ASl 9 ).(y 


ZUy A 


MOMENT 


2 S 0 C.S' 


24 4/. 7 


1 f. 3 Z 2 iZ 


. fS 15 .S 


2 c- 67 .^ 


REVERSED 
■# .3223^ 

f- 


Z 9 o 3 .C> 


ILU .3 


-if. 31112 


/ ‘>' 74 .j 5 


2 lC< 5 ? 


2 0<?3.jr 


Z cur-. 


!S 1 y-o 


2 CCC 3 


^ 32 77 J 


2004.5 


2 4 6o.i 


SUM 


t 3 6 9 .0 


! 0 U 2 


SUM 


/ / ^ 2^. / 


1 0 4 43,4 


kYSR.K(jE 


/ r 77,2 


2C&7.0 


AVERAGE 


2 ^ob.S 


26 (Jo, 9 


DIFFERENCE 








j- 4 .m 


2 6 4 7.0 


C'^NSTANT 








i 3 29.3 


— 6 . y 


COEFFICIENT 
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BEGGS EEPOHMETSR 
DATA SHEET 

REC'HDEH 'PBRQY POINT # SHEET # 2 

OBSERVEB lARivA/' MICROSCOPE f toH>^ DATE 



PLUG 


HORIZONTAL 


VERT I GAL 
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Zool ,0 


22?»o.3 




Zoo t. $■ 


22^1 3 . 




Z n 0 f . 


2 20 2. 3 




Z uo i . 3 


2 2 0 o . 7 
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3 


a / 6 5'2 


AVERAGE 


Zou i. 


22 ^ 1.3 



PLUG 


HORIZONTAL 


VERTICAL 
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VERTICAL 


THRUST 


2664.; 




THRUST 




ag 35^.3 


1? .3^300 
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REVERSED 
#. 3076/ 




29 3 7.0 




2 0 64 . / 




■ / 33 g"-/ 


2 9 37. r 




Zoo 5 ’0 


4 7 3 
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2934.7 


SUM 


^oZZ .1 


5'9 / .6 
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2294.0 


t 
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222S.O 
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22 9 4.2 
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2 4 4 4. / 


2e94. 1 


SUM 


53^5, / 


g / 5 5 .5 


SUM 


/ 0 6 6 S ,g 


cj ; .4 


AVERAGE 


/33 9.<b 


2 2? 2.g . 


AVERAGE 


2 6 6 5'. 7 


2 2 9 6.2 


DIFFERENCE 








/ 339.9 


2 29F.9 


CONSTANT 








1 3 2i:? 


-?». 7.3 


COEFFICIENT 











AUCROiCo Pf Zi-r?o r Zoo^.o 



II-R 



REC^RDEfi 

OBSERVER 



BEOGS DEFORMETER 
DATA SHEET 

POINT f Q^\LiaRATl OAI 
MICROS CORE t , 



MOJlL 



SHEET 

DATE 



PLUG 


HORIZONTAL 


VERTICAL 


NORMAL 


t<32^.0 


2439 5? 


^.32510 


/3 3/.J- 


24 4/./ . 




13 32,1 ... 


2439.9 






24 3'^.S' 


SUM 


7 7 2.1 2 


0 7^9-4 


AVERAGE 




2433.3 



.WL 



HORIZONTAL 



VERTICAL 



PLUG 



HORIZONTAL 



VERTICAL 



THRUST 

SUM 

AVERAGE 
d jr jtEREHCE 
CONSTANT 
COEFFICIENT 









/3^3 7 



/?g3-2 












/7^3. ^ 



777^ ■$ 



in A 2 



nAAJ 



n^3 .,s.. 



THRUST 
REVERSED 
rff- 2o7o! 

SUM 

AVERAGE 



.msd.. 



Zo.5o.j2.. 



..15.33.3 



J3.2AJ... 



JloM3L 



.ZCi2 0 .'. L 



njjj_ 



'iodo.A 



7 73 7 3 



13 3^-5* 

I 3 AA3 






- 



lodo.2 
/ 7a?.5‘ 
i 234-7 



SHEAR 
# . 34?>o2 

■t 

it . ZOIQZ 
SUM 

AVE,2kGS 

DIFFERENCE 

CONSTANT 

coefficient 



Z237-2 



2^35-/ 



I23C.2 



2A ^o-A 



I '^60-0 



Z A 3i.o 



/?- 3 3 



2^ 33- ^ 



3T / 9 2,-g 



3 7 32.3 



/-23^.2 



ZA 33.1 



SHEAR 

REVERSED 

,3A1)02 

-t~ 

. 3o7 02- 

SUM 

AVERAGE 












ZA3$,o 



255lL 



AAM-3 



'6 0-3 



3^-3 7- ?. 



../■ fc 



in 

iZ3^-Z 
/ 2 S' , 5 , Z 



^7AA7 



ZA3i>.2 

2A33.1 
-/■ 3./ 



MOMENT 

V? ,3ZZ3z. 
-t 

\A . 3^7'73 
SUM 

AVERAGE 

DIFFERENCE 

CONSTANT 

COEFFICIENT 









IZ 73- / 






12±U_ 






.azi.± 



2A 4^. / 






5.3 ^7.3. 



1212l± 



ZAAb.9 



MOMENT 

REVERSED 

- 32.232 
t 

a . 32-77J 
SUM 

A VSHAG2 



255kJL 



2A33 .3 



25 37 7 



24 37 3 






2 5 92-/ 



5440 3 



/o33 0.5 



3 



2 fT3 7.fo 
j 2 g Q-4 
13 i7 .Z 



2A33.< 
24 44.'^ 



7-?? 



M tCRoSCoPB 2£Por 



CALIBRATION OP MICROSCOPES 



MICROSCOPE 107AL 

Thrust constant = 1296.7 

.34300 - .30701 ^ .03599 
1 nan. = 1296.7 ^ 1296. 

7 ^'x" 2'5:'TO X .65555 

Shear constant = 1283.2 

As = .3H302 - .30702 = .03600 

1 nun. - 1283.2 

";-^i 55.'U66 I.65&66 



Moment constant :: 



1-^17. 2 

T. vsr rw 



1283.2 

1317.2 



Am = .32773 - .32232 ^ .005^1 



= 1003.0 units 



992.3 units 

10.759 



1 ram. — 



1317.2 X 1.5 



~ 1317.2 - 996.6 units 



/^x ^^.^6 X .66541 X 5 . 1 oi”x 2 l.^k? 

Manufacturers' furnished calibration tlata 1 mia. = 999 units( drO.4^) 

MICROSCOPE lOSAL 



Thrust constant — 1288.5 

At = .343000 - .30701 - .03599 

1 mm. = 1288.5 = 1288.5 = 996.7 units 

V"2"i 25.460 X .535^9 i.2^28 

Shear constant — 1289.0 

As = .34302 - .30702 = .03600 

1 nan. 1289.0 = 1289.0 - 996.8 units 

55.460 X 175555 

Moment cosstant = 1325.8 — 1325.8 - 10.829 

5.I0I X 54 i 52 Vu 54 

Am =• .32773 - .32232 -- .00541 

!“»“•= 1325.8 X 1.5 1325. 8 = 1003.1 units 

/rr ' 55.400 k:66B4i x x 5 

Hanufactureer' s furnished calibration data 1 mra. = 1000 unlts(i4^) 



II-4 



MICROSCOPE 109AL 



Thrust constant = 1287.6 

At - .34300 - .30701 - .03599 

1287.6 



1 mm. — 1287.6 

7 ? ' x 2 r . w 






L 2 S 7 . 

rife 



= 996.0 units 



Shear constant - 1293.6 

A s = . 34302 - . 30702 . 03600 

1 ora. rr 1293.6 = 1293.6 - 

/^x 23.466 r 553 ? 

Moment constant = 1329.3 -- 1329.3 = 

Am = .32773 - .32232 = .00541 



1000.3 units 
10.858 



1 mm. = 1329.3 X 1.5 

j Tx X x T 

Maniif acturer ' s furnished calibration data 



- 1329.3 1005. S units 

ITT2T? 

1 mm. ~ 1000 units(rb. 45 f) 



APPENDIX III 



abea, moment of inertia, section modulus, 

and 

MODBL DII'CRNSION CALCULATIONS 
and 



GRAPH 



SUMMART or ARSAS, MOHEHTS OF IMZRTIA, SECTION MOEDLI, and MOEBL 

DIMENSIONS 



Section 


A ln2 


k 


I In^ 


Z in^ 


Dm . 


<*« In 


1 


115.24 


39.25 


139.175 


3545.9 


51.823 


1.036 


2b 


111.29 


39.25 


133.169 


3392.8 


51. 166 


1.023 


2t 


100.67 


43.06 


115,241 


2676.3 


48.663 


.973 




97.71 


42.97 


110.931 


2581.6 


’■H5.049 


.961 


3t 


87.63 


38.94 


97.106 


2493.7 


45.967 


.919 


k 


76.29 


38.94 


SO, 214 


2059.9 


43.127 


.863 


5 


67.29 


38.75 


66,631 


1719.5 


40.541 


.811 


Port knee 


115.78 


70.40 


215.389 


3059.5 


59.943 


1.199 


A 


47.96 


41.74 


46,185 


1106.5 


35.878 


.718 


B 


41.61 


42.26 


37.081 


877.5 


33.347 


.667 


C 


4 s. 11 


37.02 


45,680 


1233.9 


35.747 


.715 


D 


54.11 


37.16 


54,400 


1463.9 


37.807 


.756 


E 


66.61 


41.06 


62,094 


1512.3 


39.599 


.792 


T 


73.50 


51.00 


107.837 


2114.4 


47.591 


.952 


Stbd knee 


82.47 


58.16 


161,648 


2779.4 


54.474 


1.0B9 



• .02D„ = d„ 
djjj ~ modal width 



* .02 (See Appendix l) 



III-l 







pp' gpt 



al> 



lOPl 



8 PI 7P| CsPv 5"P( 



-4 ?i 




C^~~^'OAy / 



AREA 


ARM 


MOMENT 


J.0 


k" 


A 


I 


— 


- 


- 


- 


— 




— 


3^.C 


J 

7 E '' 


c 


y 


3B.7S~ 


S'-4' C S' '7-- 


3 ^76 ; 9 


3 sr 


7^ 53 


^'45 ■ 




5,<S9- 


</ / / V 


4 f /9 


3 .3 


74. 


7-45-^ 


3" 


3^s-B 


4 


4>f9 




39 ; '■ 


/ / 


/$99/ 


o 


o 


/ 56'9 / 


■'i 

r i 




4^..7S- 




/9'9 


Z9S 


.<96 


r' 

. o 


ZO-Cir.. 


/6 ,cir 


c 


/9./9 






y -'r" 


3^67 


//•95 




j?s 


4L//4 


-///9 


5-5- 


3-c-y 


// 9 3 


3" 


36". 36 


4-f/4 


4//Oj 






/ 5 . D 


3' 


36 73 


S4 0 Sir. 


37."--' 9 


//r.>') 


397. r: 




/4C/~7 




/Z 3 /3g. 


7 59/73 



D^= 



SCANTLINGS 



a 




b 


f =■ /. 0 " 


r 34. " 


c 


' X 3 " X 




d 


dc 


e 


t- .3 73-" 




t 


■ V- 


Z' 6 7.< ^ J 4 L 79:3c. T^r.orvx. ‘~7 ’' m, jS4r ^ J ^ 7 X 


g 


dc> 


h 


>7 X 5 XT 


>6" 


i 


c/ c~ 


j 


6 ^ & " 


V 34 ■' 



MODEL WIDTH CALCULATIONS 



III-3 




SecT/o^ Z 



& 



AREA 


ARM 


MOMENT 


lo 




A 




— 


— 


— 


— 


- 


— 


— 


54.-0 


78> 


IC^SZ.O 


3 


58.75" 


S/ OSS 


S/CSCa 




'74.S1 


Z4-5.ZO 


S' 


3S.SB: 


V-/ 


4i >9 




74. 


?-45.ZO 


s 


3S-SB 


4 nA 


4n9 


^g.69 


Z9.Z5 


/fZli:, .O-e 


/J99/ 


<5 


o 


/^99/ 


.8 


STB. 44 


7S 


o 


/9./9 


296" 


.296" 


A 

' V-.* 


ZOO(e> 


/b.os 


o 


Z9./9 


Z9iT 


295- 


?.;cr 


3.17 


//,93 


S 


55: 


4H4 


4n<9 


5-a-?* 


3.67 


//.93 


S 


5575-6 


4.U4- 


4n9 


3<.o 


.So 


/7.o>o 


5 


5B.7S 


S/os3 


S/c<<^. 


//AZ9 


39. 2 i' 


43(^%. /4- 


/4c/7 




/ 1 9 /5’2 


/53/4>9 



SCANTLINGS 



'm 









a 




b 




ur ^ 34 " 


c 


J 

ScE 


T/Oa 7 f 


d 


c7o 


e 


±~-.Z7S‘' . 


tC= 7<p.s •' 


f 


5.6 £_ 


Se~c.7~/ o/.j^ 1 


g 


do 


h 


da 


i 


do 


j 


■t^ AC" 


Ur z 54" 




J 


MODEL WIDTH CALCULATIONS 



1II-4 






I 





S^crriCAj "Z j- 





AREA 


ARM 


MOMENT 


lo 


k" 


A k^ 


I 


a 


- 


— 


- 


- 


- 


-• 


- 


b 


24.0 


77.49 


Zg4/.4Q> 




J4.43 


4 0174. 


40 711 


c 


S.^iT 


74. SZ. 


X42.t<> 


or 




2-^n 


yzz < 


d 


5.;tS’ 


74.SZ 


Z4Z.f<^ 


0.“ 


J/.46, 


5Z/y 




ft 


^8.fc9 


38.9-^ 


/ / / 7./9 


/599/ 


^.fZ 


4S1 


14475 


f 


.80 


5*6. /5 


46.S'0 


o 


/S^.oi 


/8Z. 


/ S <1 


g 


• So 


i^.ys 


o 


o 


23.31 


4BS' 


466" 


h 


SZiT 


3.3<o 


10.^7. 


r 




5722, 


5"/^7 


i 


3124.' 


5,34 


to.qz 


5* 


59.70 




JT/Z7 


j 


^5,58 


.54 


7.9 r 


3 


4znz 




42 6.7/ 


SUM 


/00>h'7 


43. 


4^3>^/Z 


i4o>-J 




/ 0/2. 2-4- 


//S’Z.41 



Dm= 



SCANTLINGS 



0 




b 




c 


~~ 7 ~ ■——■■■ ... .. ■ ■ ... - — ' 

S£1 S.e~cT-/c^ / 


d 


d o 


e 


^-.375“ , 7L‘^ 


f 


Sss. •S^c.r/o^ / 


g 


do 


h 


do 


i 


do 


j 


t:= 48 75"' 24" 



MODEL WIDTH CALCULATIONS 



III-5 



•▼ii. 










AREA 


ARM 


MOMENT 


To 




A 


I 


a 


-- 


- 


- 


— 


- 


— 


— 


b 


3Z,£S~ 


7763 


Z5"b5”.5iD 


3 


34.7Z 


S8S7 7 


3S86o 


c 


3.Z^ 


Id.S-Z. 


:l4z. /9 


S’ 


S^.SiT 




3 .W 0 


d 


3.z.S^ 


14-SiL 




s~ 




ZZ35— 


37z4o 


ft 




78.94 


/ny.fB 


/J99/ 


4.CS 


4&(o 


i44S7 


f 


.So 


SS./3 


d(,.- 5‘0 


0 


js.u> 


/&4 


f84 


g 


.80 


/9.7S- 


/S .80 


0 


.ZSJ^Z 


45/ 




h 


S. 2 £- 




/O.QZ. 


S' 


39'6/ 


j>'^99 


S~/g4 


i 


J.25- 


J .54 


/£>.9Z 


s 


39 . C/ 


S~o99 


sr/c4 


j 


zz.n 




7.S4 


/ 




4oz<^o 




SUM 


977 / 


4Z91 


V/9S.75” 


/do/s' 






// o9 5/ 














■ 


48^04^ 










SCANTLINGS 






a 




b 


t = 


32, Zi-" 








c 




S££ 




/ 








d 


c/q _ __ _ . 


ft 


t = -S7<r 


t - 76. r" 








f 




J 




S/^c.'r~/€iAj 


/ 








9 


do 


h 






do 










i 


rjJ 


j 










• 



MODEL WIDTH CALCULATIONS 



1II-6 




S^C-T/c^ 3’r- 



AREA 


ARM 


MOMENT 


lo 


\C 

\ 


A 




- 


— 


— 


— 




_ 


— 




77.i"5 


/7/8.B4 


/ 


J8,ir^ 




35o/e 






Z4z ./<9 




?5T5TS 


-4./ /-4 


^ / / 9 


5.^S- 




. /g 








9 


-?£.49 


5B.9^ 


n fi. /9 


/599/ 


o 


Q 


^599/ 


iBo 






o 


/9,/9 






,?o 


/9,yr 


/:>'; so 


o 


/9/9 


;^95- 


29%"" 


5.:^r' 


r.54 




5* 


55:tra 


4-n4- 


4-n^ 




5.56 






jsv.^"a 


4 / / 4 ~ 


4n9 


zz.n 


-5^ 


7.6"4 


/ 








Btc% 


36.<>^ 




yjoft 




55095 


97/^6 






SCANTLINGS 




MODEL WIDTH CALCULATIONS 



III-7 




S^<zr/OA/ ^ 





AREA 


ARM 


MOMENT 


lo 




A 


T 


a 


- 


- 


- 


- 


— 


- 


— 


b 


/i>.S 


77 .J -5 


/2y<^.zs‘ 


/ 


jaj.'S 


Z4 s~7f 


.24^72. 


c 


3.Z:T 


74. 5X. 




S' 




4- fj4 


4/f9 


d 


3.zr 


7^. STL. 


242. /9 


s 


JiTs'8 


4//4- 


4nq 


ft 




52.^4 


///7,/9 


/599/ 


0 


0 


/599/ 


f 


,go 


JT6./5 


46. 5-0 




/9-/9 


29s~ 


-^9i“ 


g 


.go 


/9/7J- 


/^Tgo 


0 


Z9./9 


29S 


^95* 


h 


3.z*r 


3.<S6 


/o.^z. 




^T-rg 


4-/ 14- 


4/i9 


i 


S.Z o 


3.4>(o 






Sf.SB 


4/t4 


4n9 


j 


_ V6.r 


, 34 . 


j?76/ 


/ 


56.4>o 


Z4-3^4 


Z4S24 


SUM 


7<o.Z9 




297^-77 


/40/Z 






Sozi4 






SCANTLINGS 


Dm = 


4Z./Z7 


a 




b 


t- 


. c^- 24'' 








c 


ict S^<.7~/o^ ! 


d 




ft 


-rf-- . 


37:^-" 


76. 








f 




5iC S^rc.r/CAj / 








9 


do 


h 


do 


i 


do 


j 


f- .^Szs-^' 











MODEL WIDTH CALCULATIONS 



iri-s 




S^CJT/Gfs^ ^ 





AREA 


ARM 


MOMENT 


lo 


\C 


A 


I 


a 


— 


- 


— 


- 1 . 


— 




— 


b 


/^.Oo 


7 7.2 S' 


9^7.00 


O 


se.^o 


7 7 767 


/778 7 


c 




721. 


2Ai.S7 


• S 




4-1 f 4 


4fi9 


d 


J.2A- 


7^.$3 


2d/.S7 


s 


3s:rg 


4 n4 


4 //g 


» 




1^.7 S 


///A 7^ 


719^)/ 


o 


c 


/5957 


f 




S7.<^ 


4(>.^S 


o 


/9./9 


^9:5"“ 


2^6" 


g 


.6c 






o 


/9'^3 


-^9r 


29 S 


h 




5./7 


/C.lo 


£■ 


SS.SS 


4-/ fd 


4n9 


i 


5.^s- 


5./7 


/<«>, 


.s'* 


5S.SB 


4d4 


4ft9 


j 


/2..CO 


.5.r* 


2^.<5c 


o 




rngy 


/77S7 


SUM 




58.^5- 


2C.c7.4B 


l4oi/ 




SZ(^ zo 


Ca(^ CiZi! 








SCANTLINGS 


** 


40.54/ 


a 


i 












~1 


b 


t - 




^ - ^4" 








c 






C-T^/O/sJ f 








d 


do 


e 


- 


27^"' 










f 


Sdar f 


9 


do 


h 


do 


1 


do 


j 


- . 


^ " 


^ =. 2 4 " 

7 * 






- 



MODEL WIDTH CALCULATIONS 



iir-9 




po/^T' K^ifrte 



AREA 


ARM 


MOMENT 


lo 


k" 


A 


i 




/OB.2.f 




217 


sr.B^ 


SSiiO 


9SS 7 


//. 3/ 


/oS.zS 


/zzs:o 


o 


S7> SS" 


/<^:>ZZ. O 


/6 AL2-0 


c?*o 


/^S‘i'53 




/o 


S4,^S. 


79ZO 


79 50 


















7/37r 


4(^70 


(^S yoa 








- 


- 




— 


— 


mm 


- 




- 


— 


— 


— 


~~ 


-- 




s/7 


' zs.c 


/o 


6Z/^S 


ZP) 380 


^9 590 


7.Sb 


/C.Sc 


7B.h- 






Zi-. 8 S'o 


zy / c/ o 


/Z.o 


ZS- 


3,0 


o 


7o./^ 


3^9 /oo 


S~9 zoo 




7oA 








/49S^Z 





b 

c 

X 

» 

f 

a 

h 

i 

j 

SUM 



SCANTLINGS 






a 

b 

c 

X 

e 

f 

9 

h 

i 

j 







^ is. dcu.hlf.r‘ C4) 






. 47Z-' { 


Ay-£. o7 -ftoq 


dA-^k. /dk^il- ) ‘ Zc^ - Zd" 






5"x 7 a" 


L. CZ) 










^ - .rs" 


A,^-cBzr" 












4'x 3" X 


" L, (z) 








t ^ri7S'‘ 


ZC- 40“ 








t- -S" 


ur- Z4 “ 









MODEL WIDTH CALCULATIONS 



III-IO 




r/OA/ /A 





APIA 


ARM 


MOMENT 


lo 


k' 


A k^ 


I 


a 


3. i- 


8x.pr 


O' - 'i." 




■4/. (/ 


• £Lr 


d-x r;c 


b 




7(--Zl 


7^4 L 


1 


S4 -I'l 


/ / L 


/ / 6 .f ir 


c 




— 


- 


- 




- 


- 


d 


— 


- 


- 


- 


“ 


- 


— 


e 


/. i. .A 






// o/.o 


.r.59 


Z7G 


/IT40 


f 


. C-? i” 




5'h- 1 




9-// 


74- 


t'4l 


g 


.C •:' 


-■4 O',. 


/llr4 






>.2'/ 


Zk 7 


h 




- 


~ 


- 


- 


- 


- 


i 


_ 




- 


- 


~ 




„ 


j 


9 Vl' 


. ES 


7o 




■4(. LCr 


/C L79 




SUM 


^79u 


■41-14. 


c' Lv.r;-. 


/III 7 




J-'dJCb 


~7d /? 




MODEL WIDTH CALCULATIONS 



in-n 






AREA 


ARM 


MOMENT 


lo 


k" 


A 


I 


a 




e?.e5 


3o^.Z.2 


ji(c> 




Cso5o 


(ciCi~/(/s 


b 


4.5o 


7i,.44 




O 


34. /B 


73^4. 


7S34- 


c 




— 


- 


- 


- 


- 


— 


d 


— 




— 




- 


— 


~ 


ft 




383-r- 


<90^.74 


y/z9z 






//Cr-^'S' 


f 






34. Z/ 


o 


/O.Sl 


70 


lo 


g 


’CsS 


oC* 


/5*.fc4 


o 


/&.20 






h 


- 


- 


- 


• 


_ 


~ 


— 


i 


— 


~ 


- 






— 


— 


j 


<6.5T> 


.^5* 




o 


o/ 


jt4.ni 




SUM 


4/'^ 1 


4Z.Z(o 


/7S8.30 


//35S 




zS743> 


370^/ 



Dm= 33.3^7 



SCANTLINGS 

a 
b 
c 
d 

e 
f 

g 

h 
1 

j 




MODEL WIDTH CALCULATIONS 



III-12 




S^c C 





AREA 


ARM 


MOMENT 


Xo 


k' 


A 


I 


a 


■ 3 . 44 . 


S£.8tT 


34 5, £ 3 


4 4s 


45 


74,67 


7 7 3 3 


b 


fe.S"0 


74 


494 S4 


0 


■55i.4Z 


/ c. / 0 / 


/cl 0 1 


c 




- 


- 


— 




- 


- 


d 


- 


- 


- 


- 




- 


- 


a 


£3.45 




904 74 


7749^ 


/ 3e 


4/ 


//-3 3 3 


f 


. C>S 


r<:.45 


54 . 2 /- 


0 


/ 5”. “!•' / 


/jfS 


/3T.S 


g 


■ i>S 


k^Jx:(o 


44 


0 


/7? • 9 4 


7C9 


/c9 


h 


3.H.S 


5-/7 


//.3c 


S 


35. Sr 


57^4 


87 £9 


i 


5Z5 


3 . / 7 


// 5o 


4 T 


33 . 


37£-4 


5729 


j 


!c-^0 


,£5 


/. 4 X 


0 


54.77 


£788 


6 78 8 


SUM 




37o7„ 


/7BG/^o 


// 54<3 




54357 . 


4.r4;. 8 0 



35 . 7^7 



SCANTLINGS 



a 


f - ,4^949 " , 7f ~ c/ ' 


b 




c 




d 




e 


C-.Zi^-S". ?d - 7.^5 fV 9" 


f 


S^C-T/Oa^ a 


g 


c7c 


h 


4 " y 3 " X 7?. ^ L. 


i 


c/ 0 


j 


t ^ .5'" , ^ /3 " 



MODEL WIDTH C A L C U L AT I 0 N S_ 

III-I3 




SisCT'/OA/ 2} 





ARF A 


ARM 


MOMENT 


To 


k' 


A k^ 


I 


a 




6? S5 


302;. ;23 


AQ> 


-4 .3^6 9 


744/ 


74 8 7 


b 


9.^0 


7h-44 


7^fe./8 


c 


39 . 


/4 4 


^ Sk 


c 


- 


~ ^ 


- 


- 


- 


- 


— 


d 


— 


— 


- 


- 


w. 


- 


— 


a 




35.24 


7-4 




A /<S 


33 


//52 3" 


f , 


. 6 5 


5"Z,<^5 


3-7. :2/ 


o 


/^,41 


/5" (4 


/3 ^ 


g 






/S,i>4 


o 


/3. /C 


//S. 


/ / 


h 


~5.ZS 


5./? 


//. 5 o 




53,99 


ZISS 


574 0 


i 




3 V? 


//. 5o 


-r 

w 


55.99 


'2i7Str 


5740 


j 




.-25" 


.2. 3g 


c 


56r,9/ 


/Z94Z 


/ z94 Z 


SUM 


s4- n 


3 7,/4= 


Zo/o3& 


//J^g 




4 35>6‘Z, 


S44oo 



D^=^= 37S07 



SCANTLINGS 



a 


t -- .^949 " . 5/ ’ 


b 


t . 5 , 7d -- /9 


c 




d 




e 


t - . 5 /^ r " . X. - 75:69." 


f 


36^ 5^7c.T/aA^ 4 


9 


d 0 


h 


5ii. SixCT /c/s/ C 


i 


do 


j 


t . :7 " i /9 '■ 



MODEL WIDTH CALCULATIONS 
III-14 




S^<LTJCiAJ /z. 





AREA 


ARM 


MOMENT 


To 




A r2 


X 


a 




82.6^ 






4/. 79 


6'59Z. 


44 38 


b 


^iS‘o 




72b JB 


0 


3 5.. 58 


// 


//89Z 


c 


S.z^ 


73 . 


2J:8 ^4 


jT 


5a.4(c 


3424 


34^9 


d 


J.2S 


73.SZ 


ZZB-^4 


J" 


32. 4 (r, 


3424 


34Z9 


» 






9 06 ^4 


A/* 2 , 9 ;?; 


4.7Z. 


/7S 


//46 7 


f 


.6S" 


5',? 4 5 


34.2.1 


C 


/A 57 


S7 


8/ 


0 


• C>S' 


34 -^‘C=, 


/y.i.4 


C3 


/ 7.00 


/6& \ 


/.85 


h 




3 •''7 


/A 5o 


J" 


57.89 




461/ 


1 


2.2,6" 


3^/7 


//. 50 


3“ 


57.89 


4i^(^U 


4&7f 


j 


9. .To 


.Zi" 


Z.5S 


0 


<Jo.Qf 


/SS2Z 


/■rsz^ 


SUM 


isOi^t 


^1. 0(a 


24B8‘S(> 


//3tT8 




SolBi:, 

T“ 


<^zcq4 



o„’p':?r= 39<^)9 

SCANTLINGS ‘ ^ 



a 


,Z969 " . /<f- /-: .5/ " 






a 


b 


?i : .5 ; ^ ^ /9 " /. w 


c 


X 5 " X 'Vi, " L. 


« 

d 


do 




\ 


• 


t=,3/-?5" 75 . 49 '' ' 


f 


SSi .S<3c-T7 Oy.j A ‘ 


9 


7o 


\ 

{ 




h 


Ss.^ S/TcT’/'ca./ C ■ . 


1 


c/o 


n 

'/■\ 




i 


If ,5 . 4.^ “ /9 " 


) \ 


• 




MODEL WIDTH CALCULATIONS 


T 

i 





III-I5 






AREA 


ARM 


MOMENT 


lo 

\ 




Ar2 


1 


a 






3^69.97 


~S7c> 


43.2^ 


94 5 S' 


9499 


b 


//. 7 b 


95. <r 


//OO.B^ 


0 


42.45‘ 


z/zzB 


Xj 22 6 


c 


i.SO 


^O.S4 




/o 


59 . r4 


/O/ioZ 


7C/7Z 


d 


/7.7& 


<^ 9.57 




5550 


/g.S'f 


60^^ 


94Z1 


a 


S.44 


5ZX.^ 


Z.7JL.Si 




/87/ 


z3tnr 


5 <6S 


f 






^s.z4 


0 


✓ 9 . 6 0 


ZSO 


ZSO 


g 








0 


/o. 7o 


7A 


74~ 


h 


i>.Sb 


3-^0 


zx>./z~ 


/o 


47.90 


749/ 4 


/49x4 


i 


7. Of 


9.r6 


47 . cz. 




4t,44 


/Z.02& 


/2£5 5 


j 


/C.5o 


,zf 


Z./(c 


0 


SO .79 


24,5 70 


24 i ^0 


SUM 


75. Sb 


S'7. OQ 


374&.S! 


4U4- 




/o5,723 


/o7S^7 



D^=^=47r9/ 



SCANTLINGS 









?t. - 


/5-/" 




.431 








4 '' 


V 5“' ^ 


9k. 


// 


L. U) 


t = 


, sri" " 




K. - 


47.4c<^'* 


t ' 


, 5/-^ 5* 




A. = 


^ Z'7" 




y 7,S 4 


H 

K 


JiL 7££-. out -/re ^ g\ 4.4^ J^L. Z 








do 


7 


4" 


^5" K 


9:l'’ 


L. 




t ' 


. 57S*' 




/u- 


. < 7 / " 


== 


. 4Z3'' 




(U/- 


- 2 ,^ " 



MODEL WIDTH CALCULATIONS 



. m-16 




- sT/iZ} 





AREA 


ARM 


MOMENT 


lo 


\7 


A 


I 


a 


* 4,S8 


ns. vs 




"-9 


. 37.39 




/7,ZS-4- 


b 


/ 2-00 


/c^.dO 


/ 3 o 9 00 


0 


so. B4 


5/<o/C=^ 


3/ 0 //d 


c 






34 /.S/ 


JT 


92 


7/ St" 


7/(=c 


d 


"T 




34/. S/ 


3" 


.40 97 




7/4 c 


* 


4£>-Sq 




Z 2 n.oi 


59 i-4c 


2 . S4 


97?9 


40/49 


f 


- 


- 


- 


- 




- 


- 


g 


- 


- 


- 


— 


— 


- 


— 


h 




3-/7 


/o3o 


5" 


S4.99 


9-^2 £ , . 


i^:53 


i 


7 -r 


3./7 




■s> 


S4.99 


. 9<sz9 ‘ 




j 


/Z.ou 


.23 


3 -Ca 


Q 


37.9/ 




4oz45 


SUM 


i' 2.47 


5g./^ 


479/^. 5/ 


3972.9 




/2^9/9 


/(o / /c 4 



S4.^74 



SCANTLINGS 



a 


t - .373" WS ' 


b 


i: - ! S " /S'-- z z4 " 


c 


S/£ ^ ^ y~/it /Kj 


d 


do 


e 


-tr.373" , yt- /dS.ZS' 


f 




9 




h 


S/£-'o7’/Of3 C. 


i 


do 


j 


3 = . CT " /^r- ^ Z4" 

*"” ' ^ ■ - ■■■■ - ■ ■ ■■ — ■— . , ■ t 



MODEL WIDTH CALCULATIONS 



111-17 










I* 







CHAHACTERISTICS OF ’'’USTiC USSD IN MOESL 



A ?-a:apl0 of the plastic iuy^lLed with the Negge Deforraeter 




yard, hrociciyii, N.Y. , for analyeie. It w?.s determined to he polymer- 
ized methy?.. methacrylate. Manpfactuvid ty DuT'or,,' ai.d Rohm fc Haas Co. 
it is l;ncv.i) as "Lucite" and ^Plexiglae'^ respoctlvo iy. The sample of 
plastic i3 Plexiglas and data relating to its mechanlcfil properties 
was taken from F.ohm & Haas Co. pamphlets (see Reference?). The data 
precenieu 'lerti is that pertinent cnly to condit^cn. to which the 
model was eypoted and represents avorp_iO t^.lue'. 



He determination of correction factorr to represent changes due to 
the varying environmental conditions. It is questionable, however, if 
such correction factors would enhance the accuracy of the final results 
of the model tests, or whether they would represent accurately the 
c’.aractsrlotice of the particular plastic speciman oRed. 



Tnu f ollov.'ing characteristics, v^ere deexn 'i. ’ireful for posri- 



a. Amount thickness variation; lO'jS within the sheet 

b. Moduli of elasticity; 9 25°C 



Tension 



400,000 psi 



Flexure 



380,000 psi 



Comprescioi: 



280,000 psi 



Shear 



125,000 psi 



c. Cold flow or creep: Limiting allowable stress at 



which Plexiglas does not flow more than 10^ in 
100,000 hours at 25°C is approximately 5*000 



pai for indoor service. 



IV- 1 



Plexiglas is a thermoplastic resin. Its properties vary with 
temperature. These properties also vary with a^e. conditioning, and 
previous history of the sample. Fortunately, theco la.tter variations 
are only slight, if not negligible, both because o”^ Plexiglas' chem- 
ical stability and because it absorbs very little moisture. Litte is 
known of the previous history of the sample used other than it is 
more than one year old. "Based on physical appearances it was ass’imed 
that there v;a 3 no application of conditioning or prsstrcssing. Varla- 
tions occiir v/ith changes in thickness of the sample, i’et, because the 
plastic used in the model v?.s from sheets of essentially constant 
thickness (within the limits r>f the aforementioned margin; it was 
felt that these variations were negligible. 

The following graphs, of data taken from tests conducted 
by Rohm & lines Co. on cast acrylic sheets at a straining rate of 
.050 in. per mi.nute (and 't (T?*^?) for turt^^ relating age 

and property variance), represent changes in the strength character- 
istics of Ple 7 .iglas due to changes in Temperature r.nl ‘‘.go. 



IV-2 




IV-3 



Smll local stresses may be set v,p by sawing or mac>’in'vig 
Plexiglas, but these are of no great importance unless a considerable 
area of the material is involved. Tne layer of local stress can be 
materially reduced by use of slow cutting speeds, sharp tools, and 
either oil or water coolants applied to the cut. Furthermore, by 
proper and careful sanding or filing oT the cut surfaces it is felt 
that the layers of stressed area were removed and that the finished 
model «as essentially stress-free throughout its cross-section. All 
edges were left smooth tb the touch. 



IV-6 



.•iPPENDIX V 
EEPORMEHER READINGS 



SUMMARY OF EEFORMETSR DATA 



POINT 


HOHIZ. 

COBFF. 


RUN#1 

PORT 

FOOT 


RUN #2 
lOPI 


RUN #3 
9PI 


w i 

S 1 

nj a ' 

1 

=*. 

1 

1 


RUN #5 
SD 


SD 


THRUST 

SHEAR 

MOMENT 


0.259 

0.605 

-69.412 


- 0.538 

- 0.295 

25.783 


- 0.534 

- 0.299 
-10.930 


- 0.553 

- 0.266 
-45.664 


- 0.536 

0.670 

81.495 


£ s 

1 


THRUST 

SHEAR 

MOMENT 


0.453 

0.627 

-58,807 


- 0.607 

- 0.548 
68.806 


- 0.605 

- 0.475 
2.630 


- O.605 

- 0.435 
-49.331 


- 0.559 
0.515 
35.914 


PD 


THRUST 

SHEAR 

MOMENT 

! 


0.650 

0.585 

-33.743 


- 0.535 

0.284 

61.445 


- 0.531 

- 0.666 
46.237 


- 0.562 
- 0.651 
-32.446 


- 0.544 
0.331 

4.026 


SPI 


THRUST 

SHEAR 

MOMENT 


0.843 

0.331 

- 8.450 


- 0.373 
0.095 

20.031 


- 0.370 
0.143 
36.698 


- 0.354 

- 0.840 
19:258 


- 0,357 

0.l4l 

- 6.039 


- ■ ■ ■ 

. Upi 

1 

1 


j THRUST 
SHEAR 
MOMENT 


0.997 

0.015 

4.117 


- 0.001 
0.003 
O.6I3 


0.011 
0.003 
- 0.212 


- 0.006 
0.002 
0.660 


- 0.007 
0.003 
0.332 


j 2PI 

1 

j 

1 


THRUST 

SHEAR 

MOMENT 


0.983 

0.034 

0.838 


- 0.001 
- 0.002 
0.418 


0.002 

0.005 

- 0.258 


0.003 

0.010 

0.372 


- 0.002 
- 0.003 
0.120 


[ 

G‘GE 

1 


SHEAR’!"” 

SHEAR*! 


0.000~ 
- 1.000 


~clF05 
- 0.610 


0.197 

, - 0.748 


0.108 
- 0.855 


0.670 

1 

1 



HUH #1 

BE006 rSrORMITSH 
DA.TA SHEET 

RECORDEH Pfi rr\/ POINT # ^ O SHEET # / 

OBSERVER / a r'lc/yy ' MIGROSOOpii f /q7 AlT DATE 74 Or <7 



PLUG 


HORIZONTAL 


VERTICAL 


“TCERnr" 


!^5H,Z 


1952.3 




/ 9iT5. i 


19^1. i 




1^$^, ^ 


l95fS 




/ ^57, 6 


\9S2.b 


SUM 


7HZl,% 


19,01. H 


AVERAGE 


!^S$. H 





PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


/ 10(..O 


1912.9 


THRUST 


20H0.H 


1 923.7 




. \10H-H 


1913,0 


REVERSED 


2037^.0 


1931.9 




llo/. 5' 


1911, Z 




'20H0.5 


1 333.2 




!loo .3 


19 09 . f 




Bo3(>.3' 


1 <3?S2 


SUM 




liHL.2 


SUM 


9 \55.H 


7937.0 


AVlRAGffl 


1 70 s 2 


\9H.5 


AVERAGE 


2o3S3 




DIT7EE1NCE 


-f- 


... +..'77.7 




in 03 , 2 


N - 


CONSTANT 


1 23k. 7 


i 296.7 




+ 5 i>5, 7 


+ 77.7 


CCEFEICIINT 


t .253 


f* .060 




SHEAR 


1 


/CZk.l 


SHEAR, 


2203,2 


2 29 V .o' 




1 ^ 2k.H 


/ 6 2?,/y 


REVERSED 


2203.3 






/ ^3/.Q 


/k2^,3 




2206 . 6 . 


229H.6 




\4Z5.S 


mz,€> ■ 




2207.9 


223H.3 


SUM 


S7M,^ 




SUM 


392I6> 


.9119. H 


AVERAGE 




t C 23, 


AVERAGE 


2206 ,^ 


2 29a. 3 


DIEFERENCI 


■hll^.9 


+ 6 7/.0 




IH28,6 


1 i 23.Z 


CONSTANT 


12 83.2 


/2 R3.2 




77 6.2 


•f-6 7/.o 


COimClENT 


i~ . 


+• • 522 




MOMENT 


222 7.2 




MOMENT 


/A' ^2-9 


!»3 3.7 




2330.2 




REVERSED 


y A '36,0 


IH 9/ .9 




223o-i? 


; .0 




/A '^2. 3 


IH9o,Z 




? 2-30, 2 


2^39.2 




/A 7S:.0 




SUM 




9nL7,o 


SUM 


593 O' 1 


5967.0. 


AVERAGE 


2229.2 




AVERAGE 


m92.5 


IH32.0 


DI77ERENCS 


- lh(>.9 






Z 2.29.3 


2^ HI. 9 


CONSTANT 


10,753 


;o . 7 . 5^9 




- 7A6.2 


- 


COETFICIENT 


- 


' 9^.290 





V-2 



RUN #1 

BEOGS IBFOBMITER 
DATA SHEET 

HECOHDEH 'fkrrv POINT # <2^ S SHEET # 2 

OBSERVER ~ /7a r<^oy\ MICROSCOPE » I0’7AT DATE IIAi>r,UHSS 



PLUO 


HORIZONTAL 


VERTICAL 


“TJOTHT 


MlS.2. 


/S 06 .Z 




Ml/. ? 


IS >0.3 . 




M //. 3 


15/2.3 




M/S. 9 


. M/S.Z 


SUM 


SCS3./ 




AVERAGE 


t3.c, 


/5 n.o 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


ms.^ 


/ 


THRUST 


1 706.9 


./S3a.3. 






7 


REVERSED 


/ 70 2. i 


Is 31.^ 




!//9.^ 


/^H/^l 






/S30. 7 


* 


nzo.s 






1707.0 


/330.6 


SUM 


HH12.7 


^76 3.7 


SUM 


CZZ3.2 


i 127.0 


AVERAGE 


/// 8.2 


//fifOS 


AVERAGE 


/ 70S. 9 


/53/.? 


IHTFEBINCX 


f, rs 7. 6 


4- 




H /V.2 


/ ^Ho.^ 


CONSTANT 


/ J 2 4.7 


/2^(>.7 




.a5'2 7,6 


■/• So, 5 


COZITICIIBT 


7 M53 


4-. 0 70 




SHEAR 




H593 


SHEAR 


/ 


/792.0 




^^22.0 


//62, / 


REVERSED 


/ 796.6 


I799.Z 






n 59.0 




/ §oo, 3 


/7 89.5' 






_//^o.,a ■ 




tec 1.6 


1185.3 


SUM 




76^3.3 


SUM 


7203.^ 


1/55./ 


AVERAGE 


^92.0 


1 / 5^-9 


AVERAGE 


19.00.9 


1199.9 


DITTERENCl 


-f gl2.9 


■h 6.29.0 




^92.0 


// 53.9 


CONSTANT 


/2 23-2 


IZ93.2 






'4 623'0 


COEEEICIENT 


. 627 


4~. 790 


f. 






MOMENT 


f.7S<^.% 


/970./ 


MOMENT 


fl 2 %.o 


/0 25-5 






/97/, 7 


REVERSED 


/ 12H 0 


1021.1 




/ / 


/ 




/ / 2^.0 


10 2h 2 




/ 7i'6.4 


/3to0. 7 




// 25-.3 


1013.1 


SUM 


76 32“ ^ 


7S2/.6 


SUM 


HSoi.2 


H09C.3 


AVERAGE 


115%./ 




AVERAGE 


II 23.7 


}o2(-7 


DIFFERENCE 


- 632.7 


-9^2.7 




/ 75 « '1 


1970. ■7 


CONSTANT 


10.75^ 


/o.7.^9 




- H2.7 


- 9^^. 7 


COEFFICIENT 


- 5«.'?o7 


-S9J77 





T-3 



HUH #1 

BEOOS lErORMETEH 
DATA SHEET 

RECORDEB 'Tkrr-J POINT f VO SHEET # 3 

OBSERVER ~ZQr-so»» HICROSCOPfe t yp? AL~ DATE ^AOn\ /q.«r < 



1 PLDO 


HORIZONTAL 


VERTICAL 




l'83'5.o 


2.05 0.0 




/ 


2051.3 




/8'=\3.0 


2oSo.<i 




... 


204?}.^ 


SUM 


^5" 75. 3 


?2o?./ 


ATERAOE 


/S33.S 


'2.OS0 ,5^ 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


M83.o> 


2003.2 


THRUST 


2325.8 


2033.5" 




... Hgg.? 


2008.0 


REVERSED 


23 ?3.5* 


2102. Z 




M8t,2 


■S'o oil 




23/6.2 


2IOS-H 




H 62.3 


2007.0 




23/3.8 


Zlo2 -5" 


SUM 


SQi3H.8 


8025-3 


SUM 


<3 2 78.'4 


^509.6 


AVERAGE 


M33.7 


2o05.5 


AVERAGE 


2313. ^ 


2\o2.h 


DITTEBEVCX 


.■f 8 3£.^ 


y- S5-3 




1 i/83.7 


200 8.5 


CONSTANT 


l 2 88.5' 






y 835.3 


' y3S,9 


CGErFICIlHT 


•f *(>50 


t-olS 




SHEAR 


M77.2 


/733 o 


SHEAR 


2 227.5 


25 05 .6 




H 7«5.5 


113(5 


REVERSED 


2227-4 


25 06,0 




. _/473.7 


mz.Oi 




22 30.5 


25 0 7.5 




Z475.9 


11335 




2226.0 


2507.0 


SUM 


S-S03.2 


^3^2.3 


SUM 


8^11.3 


^ ^ a.?*.© 


AVERAGE 


/iy 73.^ 


1135-7 


AVERAGE 


S227.8 


2506.2 


DIITERENCE 


y 732.0 


y C>7o.s 




{.5 75-8 


/7 35.7 


CONSTANT 


i 


/2§3-o. 




y752.<a 


y 670.5” 


COEyFICIEKT 


y .5«5 






MOMENT 


2015.3 


25^4. o 


MOMENT 


i 703.3 


i5So.-q 




20753 


2556.0 


REVERSED 


no 7.<b 


1522. z 




2071.5’ 


25‘^4.o 




no6.% 


152/. 8 




2olo.Z 


2 55 (.3 




/706. .o*> 


/573. 8 


SUM 


§ 2^23 


} 0 173,3 


SUM 


6830,3 


6 325.2 


A VXRAG® 


2olZ.\ 




AVERAGE 


/7oV- 7 


1 58 L ( 


DIITERENCE 


- 3^5^.^ 


-2(3. y 


* 


2073 . / 


a5'45 8 


CONSTANT 


(0*^23 






365-5 


- 363.7 


COiarPIClENT 


.-33. 


- 





V-4 




' RON #1 ■ 

BEOGS rSFOHMETER 
DATA SHEET 

RECORDER 7% ^ v-V POINT # ^ 'P-T SHEET t ^ 

OBSERVER Lcj)rson MICROSCOPfe f /05=?/97T date I/Ap^iI 



PLUG 


HORIZONTAL 


VERTICAL 


"TTSRRnr 


. JS05.I 






1502.0 






I5U.3 


iASo.'k 




1507.5 


MA6.a 


SUM 


6011. o 


S7S^.% 


AVERAGE 


! 5a>fr.o 


1^8.7 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


06/.? 


13 68<^ 


THRUST 


2o£4.o 


• y4 7o.y 






i 3 70.3 


REVERSED 


20 S /.3 


!A6^.C 






/372,7 




2o4e.6 


! A68.1 






/163.3 




loSO.6 


/467.S 


SUM 


37J-0.6 


5-?«o.2 


SUM 


^c04.% 


SZlS^Tt 


AVERAGE 


065.0 


1270-i 


AVERAGE 


2051.2 


IA 68.3 


DimSBEHCE 


V- /094.2 






065.0 


1 Zio. t 


CONSTANT 




TBTs 




/ 0 ? 6.2 


y 06.8 , 


CQEITICIIHT 




r .077 




SHEAR 


/260.S 


I0 26.Z 


SHEAR 


1728.^ 


n?,3.i 




!2f>A.b 


/O3o,2 


REVERSED 


/72fl-3 


n28.S 




IZ(£.I 


1027.3 




1123.7 


. 1723.7 




1265.2 


!o 2 6. S 




1723.8 


n3o-S 


SUM 


5065. 2 


^270. z 


SUM 


t6.A 




AVERAGE 


1266.3 


J0o>2.i 


AVERAC^ 


1720,/ 


1723-6 


DI FEE REN CX 


■h A6.2.8 


y- 637-0 




IZ6C.3 


/o3 2. 6 


CONSTANT 


_ / 223,0 


1286.0 




y.^62.3 


/.637.0 


COEFFICIENT 


■P .33' 


y- .40.^ 




MOMENT 


/5 7/-7 


/S33.3 


MOMENT 


M 8 I .3 


343.-'? 




! 5 68. 9 


y 0O/. o 


REVERSED 


1^18.3 


3-?5.3 




/i" 72. 3. 


1 300.3 




1 ^ 71.3 


3A6.0 




/5 73. / 


1300 . 2 




\A92.o 


3AA.2 


SUM 


/$2 ?6.o 


760/.^ 


SUM 


53 20 . i 


11S3.Ai 


AVERAGE 


151/. 5 


/ 306.3 


AVERAGE 


1 A 7 , 0.0 


347.3 


DIFFERENCE 


-01.5 


— '35 3.0 


' 


t 51).S 


1 3 06.3 


CONSTANT 


/0-523 






- 0/.5' 


-053.0 


COEFFICIENT 


-%.A5o 


- 





RUN #1 

BEOGS EETORMETER 
DATA SHEET 

RECORDER POINT# ^ PZ SHEET# jT 

OBSERVER ~ La rSo^ MIGROSCOTlfc 4 IqO^l' CATE 



PLUG 


HORIZONTAL 


VERTICAL 


NdskAL 




2oo 2-1 












2oo/ .3 




/S90.S 


200 3.5- 


SUM 


706 /.o 


7090.^ 


AVERAGE 


1 090. a 


<099-8 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


Z35/.6 


ZS30.? 


THRUST 


'2 6i55.C> 


2007-3 




Z354.6 


Z933.9 


REVERSED 


2 6 / o '5 


2 003.4 




/ 35-?. 7 






26/2-3 


2 op? •5' 




/355.6 


Z0 30. « 




2iM.2 


2oo3. / 


SUM 




773/. <5 


SUM 


/o^42,f 


?02S.3 


AVERAGE 


Z352.6 


1^32.2 


AVERAGE 


H6/0-5 


2 007./ 


DirTEHEMCX 


V- /257 9 


/- 7-^.3 




/ 3^2.6 


/3S2.8 


CONSTANT 


/2 87-6 


/2fi7.6 




//257.0 


74-3 


CaBTEICIEHT 


y- .077 


y-. <^5^? 






SHEAR 


/ 9^8.1 


/S' <31.^ 


SHEAR 


/0SZ.5' 


23/5-0 




/363.5" 


LSALS 


REVERSED 


/ 9 ?/. 5* 


33/6,/ 




/<blSS 


/597. 3 




/9SA 2 


2 3/5.5^ 




Z959.3 


/^95.o 




/S798 


23/3,.? 


SUM 


la^c.c 


6375.3 


SUM 


7323.4 


0 253.3 


AVEBACEB 


_ Z96/.6 


i5<38.8 


AVERAGE 


1 32o.<3 


23/5.0 


DI77ERENCE 




/■ 72A8 






/503.S* 


CONSTANT 


/ 203.6 


/'203.\ 




4-10.3 


y-72/.2 


COUFICIENT 


^,o/S 


/ *55S 




MOMENT 


. /965-8 


2^saS 


MOMENT 


2 005, 2 


/4?3.3 




/063-3 


2 455.3 


REVERSED 


2o ;o.o 


/4 85./ 




/965-/ 


2455-/ 




aoo3.?_ 


/4 ?7.? 




/9a5-o 


245 3.? 




2ot o ./ 


1 4?3 0 


SUM 


7 8'53.2 


3?22.7 


SUM 


?o3<gj 


5340.7 


AVERAGE 




2455.2 


AVERAGE 


2 009-5 


/4 85.2 


DI7FERENC1 


44-7 


- ^ 70.0 




/9G. 4 ? 


24 55-2 


CONSTANT 


/Q.353. 


to. 86 9, 




4- 44 7 




COETFICIENT 




- ^0.335 





RUN #1 

BEOOS DErORMETER 
DATA SHEET 

RECORDER 'Perr-v POINT# 2 . POC 

OBSERVER ~ iarlo^' MICHOSCOT^ # tpo^AL 



PLUO 


HORIZONTAL 


VERTICAL 


"TTCHHnr 


2o<if,o 


!5VJ.£ 






/ 569.5 . 




2o9^.5 






2o9/.5 


M66-5 


SUM 


§367.^ 


^33 5'. 6 


AVERAGE 


2o3/ 5 


/568,5 



PLUG 


HORIZONTAL 


VERTICAL 


PLUO 


HORIZONTAL 


VERTICAL 


THRUST 


/■^56.3 


/ 6//. 6 


THRUST 


2720-5 


/5/^-6 




MU.S 


1 (>10.7 


REVERSED 


2725.0 


/ 4 25.3 




/ 


UU.8> 




2724.1 


1 6,20.2 






Un-o 




2724-4 


1622. C 


SUM 


S843.0 


C44S.Z 


SUM 


/<>7S4.o 


C4B6.0 


AVERAGE 


14 Co. 8 


un.3 


AVERAGE 


2723-5 


1 6 22.0 


DITTEEIirCX 


4-nCZ,7 


4- tO l 




/4 6.0, « 


/ ^ ^ • .J 


CONSTANT 


Uli.V 


{2B7.6 




4IZC2.7 


/0.7 


CCETPICIINT 


■t '9R3 


4- , ooa 






SHEAR 


2o €e.o 


//23>c> 


SHEAR 


2/05.4 


2/05.2 




2o56.2 


//2€3 


REVERSED 


2/02.8 


2/07-3 




2053,/ 


_//29./ 




2I03.C 


2/07-5 




2o5o>. g 


// 22.5- 




2104. t 


a/o8. 6 


SUM 


92^0.1 


^^95.6 


SUM 


6"4/5.9 


<9420,6 


AVERAGE 


2o CotO 


/ / 24.0 


AVERAGE 


2/04.0 


a/o7./ 


BiriERZNCX 


h 44.0 


it ^83./ 




2060-0 


1 1 24.0 


CONSTANT 


_ /263.6 


/233.6 




^-7^44.0 


4-383./ 


COEFFICIENT 


# 03*^ 


^ . 753 






MOMENT 


3.lCii£ 


2oS7./ 


MOMENT 


2toB.2 


1132 -i 




2/0/. g 




HK VSHbJSD 


S/os. / 


H32.6 




2/02 3 






2 ///- a 


//3/ 3 




2.100.0 


2<395.5 . 




2 //3.3 


1 130. £ 


SUM 


“ci ^ o5# 6 


f347^7 


SUM 


S^44!.^ 


4 5 27.3 


A vJtSAOS 


' 2/0/. -9 


2 027.4 


AVERAGE 


2/10.5 


mi. 8 


DIFFERENCE 


^ 6./ 


- <655.6 




Zloi-4 


2o^ 7.-7 


CONSTANT 


JO.'B5K 


10.^69. 




T«- 9. / 


- 65'5. 6 


COIFFICIEHT 


4 - . 93S 


- <26.003 





SHEET # 6 

7 Apr, I 



HUH #2 

BEpaS DBrOHMETEH 
DATA SHEET 

RECOHiaH Thrry FOIST # SO SHEET i 7 

OBSERVEH 'ZoV^oH MICROSOOPi! Ja^ AL U^Tl 2RAf>yil 



PLUG 


HORIZOKTAL 


VERTICAL 


KdEkiL 




1 5o/.^ 




2o3&.^ 






203^.7 


l^oy.B 




. 204*?. 7 


ie>os.3 


SUM 


«/6 2.4 


7624./ 


kYSRKGS 


2o^O-(, 


/ 906.0 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


2*7/^./ 


2212.3 


THRUST 


17243 


/5<b8.7 




2^18.2 


22 / 6.0 


REVERSED 


1124. i 


/S9>!3 




24V5.3 


2 2 / p • fe 




1123.5- 


/ 5 ^ 5.0 




24/6.7 


22/0.2 




1722. t 


IS’i < .7 


SUM 


^ 6C.6.S 


«§40./ 


SUM 


6^94.0 


^370,7 


average 


/6.7 


22/2.3 


AVERAGE 


; 7 23 . 5 ' 


/SS4.^ 


UTTREEVCl 


— 6 <3 3.*^ 


- 6 / 7.4 




S-4 /6.7 


221 2.3 


CONSTANT 




IZBA’S 




-^93.2 


-6 /7.4 


CCQEITICIIKT 


~.53S? 


- .475 




SHEAR 


22i‘o-.3 I 


/f\84./ 


SHEAR 


/ 2-73.2 


/S73.2 




^25 / 


/62i.6 


REVERSED 


/§ 7P.9 


/ 870.0 




223 tS 


/37R.3 




/S73./ 


/873./ 




'225$. S 


i977..^ 




1 27/. 2 


IBlh2 


SUM 




7326./ 


SUM 


74^2.4 


142ZA 


AVERAGE 


22Sh<b 




A VXIULGS 


/ 872./ 




DimBEHCX 


- 373-?? 


- / 03.4 




22r/.<3 


225-/. 9 


COUSTAIT 


_ /289>-6 


ISAO^.O 




- 373.8 


- /o5.-^ 


COITEICIEHT 


-.?35' 


-.oar 




MOMIHT 


/ 300. <9 




MOMENT 


2 / 76? .4 


/ 872-2 




/ 0 0 / .0 


/933.7 


REVERSED 


2/a/. 7 


/ ? 77. / 




! ‘^ot,Z 


1^42.3 




218/3 


/ %7a.2 


- 


/ 003.0 






2/82.2 


1 V 7o.o 


SUM 


7 6 07.0 


7762.2 


SUM 


S7R4.2 


749 /vr 


AVERAGE 


l<bol.<2 


1 340.3' 


AVERAGE 


a/ 8 /.o 


1 872.3 


DIP7SRSNCS 


4- 273.2 


— 67,6 




1 (\o/.<k 


1 94o.-*r 


CONSTANT 


/o.'229 


/o.^aa 




4- 2 73.2 


- 6 7,6 


OOEmCIEHT 




-C.242 





T-g 



HUH ^2 

BEOOS IXrOBMZTXB 
DATA SHEET 

BECORDEE "Perr\/ POIITT # <tS SHEET # ? 

OBSERVER Lar^gy^ MICROSQORB f lo^AL DATE Q.Bnpr\\ /9^ «> 



PLUG 


HORIZONTAL 


VERTICAL 


" ffCJUUI,' 


ms. 7 


fZ42.^ 




1772.) 


/242.3 ■ 




^77 3.4 


I22^.S 




1774. i 


tZ^o.9 


SUM 


7o3^.^ 




AVERAGE 


1 77^.2 


12^1.2 



PLUG 


HCRIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


2/53? 


1573.0 


THRUST 


1 375.3 


n/.4 




- 2/59.6 


1572. f 


REVERSED 


/ 377.3 


13/. 5 




2/5?.3 






1375 J 


<736./ 




2/ 5^.3 


1570.1 




I37C.7 


135.0 


SUM 


^63-?. 4 


42S^.7 


SUM 


^ 504 . £. 


‘373^.2 


AVERAGE 


ZlS^.C, 


157/. Z 


AVERAGE 


1374./ 


S 33.6 


DI7RR1ICE 


- 7^2.5' 


- <i37.6 




2 /59.^ 


Z57/.2 


OOHSTAHT 


• / 2 9^-5 


/ 2 89.5 


, 


-792.5 


- 637,6 


COllTICIlHT 


— .407 


— .■‘?35' 




SHEAR 


P072.3 


13^/2 


SHEAR 


/343 9 


1220.0 




2o7^.0 


/3-J4.5' 


REVERSED 


1363.2 


/222.I 




2 073.5* 


4.7 




1344.^ 


/222-0 




207^.5 


i3AS.<4- 




134^.0 


IZI 3.3 


SUM 


%2333 


5'377.? 


SUM 


S447S 


^88^.0 


AVERAGE 


2o73.3 




AVERAGE 


/ 3 46.9 


1 ZZi.o 


DimREHd 


- 


- /23.4 




2o73 3 


1 344 . A 


CONSTANT 


/2,?c,.o 


/299.0 




~ 70 6.5 


-/ 23.-9 


CQlEriCIENT 


- 


-.036 




MOMENT 


/ 3i'2.2 


tZ7^ % 


MOMENT 


'2c?9g.a 


/ 2/6.0 




!3S'^.5 


/27g.3 


REVERSED 


2/o2. 0 


IZ/4.0 




J356.3 


/27-7.H 




Alois' 


/2/7.0 




fSc/.o 


Z27-; 3 




2.) 0 !.o 


1217.3 


SUM 


5.?240 


5^02 % 


SUM 




^^CC3 


AVERAGE 


/ 35 4.0 


i 2 75 , 7 


AVERAGE 


a/6/. / 


/ 2 /6. 6 


DimHENCE 


~TnWT‘ 


- 53./ 




1 3 56-o' 


/ 2 75.7 


CONSTANT 


loAz^ 


» O . 9 






- 5^./ 


OOETEICIENT 









ftUN #2 

BEOaS DBEOEMETER 
rULTA SHEET 

BECOEIEB Pe.rr^ POINT # 'PQ SHEET # 9 

OBSBHVEE ~ La. MICROSOOPS » /pq aTT DATE ga Qp>-/i iq A'< 



PLUG 


HORIZONTAL 


VERTICAL 


"OTKTT 


181^3 


22(53.6 




/ 8 77. / 


c"2 C2.7 




/ 8 76,3 


22o2,^ 




!SyS.2 


2262.0^ 


SUM 


15o^.S 


9?I2. / 


AVERAGE 


1211.1 


82o 3, o 



PLUG 


HCBIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


226/ .3 




THRUST 


1574. S’ 


2508.1 




Z2Sd.^ 


I8G5.I 


REVERSED 


157Z. 2 


2504.3 




226S. 6 


I86(>.8 




157/. 0 


250 6. / 




22 6 /• 0 


/ 8 63.5' 




/5 72.S 


2,^0/. 6 


SUM 


^04 6.5* 


1^6 0.5 


SUM 


(^2^1.2 


to 0 20.7 


AYESJiSl 


226/. 6 


t 86$. t 


AVERAGE 


/ S7Z.^ 


2 SOS. 2 


mTFKRnCX 




-h 6,^0.! 




226 /. 6 


t 86$. t 


CONSTANT 


IZ873 


12 87.6, 




- 692.8 


-t6^0. ! 


CCSTriCIINT 


— 5ZS 










SHEAR 


17233 


2 22 0.^ 


SHEAR 


2 06 6. 3 . 


2o2i6.3 




I72G.7 


222 i n 


REVERSED 


2633.6 


2033.6 




I7Z3.Z 


22/9, 6 




2o9-¥.3 


2034 3 




/72.?.3 


2^^3.9 




203-?. 4 


? o34.4 


SUM 




S88iT.8 


SUM 


837? .6 


2378-6 


AVERAGE 


/ 727.4 


222/. 4 


AVERAGE 


SOS'?. 6 


2034, 4 


BimRENd 


-hlLl.Z 


- /26.& 




1727.4 


2 a 2. /.4 


CONSTANT 


/ 2 9 3. 6 


/ 263.6 




t 3 6 7.2 


- / 26.8 


cosyriciENT 


/ . 28^ 


- . 038 








MOMENT 


I51I.Z 


2212.1 


MOMENT 


224 8.2 


2 /-5^6 .3" 




1 5 77.1 


22/4.5 


REVERSED 


22A0.3 


2i56.f 






22 //./ 




2243.0 


^153. / 




/ 5 77.0 


82/5. o 




2243.2 


21 56.0 


SUM 


6 3 o 


2%52.7 


SUM 


89 74-7 


9623-7 


AVZRACS: 




22/ 3,2 


AVERAGE 


2242.7 


2\S7.4 


DimRENCl 


-LC,C7.3 




T- » •: — “ 


/ $16.4 


22/3. 2 


CONSTANT 


10.2 5ft 


/o. 




/•(.67.3 


- 5 ' 5.8 


COErnCIENT 


76Z-445' 


-5- /38 









7-10 



RUK fZ 

BEGOS DBKtRMITEH 
mu. SHEET 

RECOHDEE Pe.rr\/ POIHT # g PT SHEET # !() 

OBSERVER Lar<.o)n MICROSOOPfe t Jo^Al' ’ DATE ?_R orU 



PLUG 


HORIZONTAL 


VERTICAL 


"TCHHnr 


2.100.7 


I323S 




2ofi9. 9 


/3 83. 




2 ioo.2i 


/^23.6 




Zici. 1 


/es/.o 


SUM 




7^32 .0 


A7KRAGE 


2100, ^ 


y 5^ 


3,0 



PLUG 


.HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


234BA 


/ 6 30.9 


THRUST 


/^6/.2 


2317.1 






/ 690.3 


REVERSED 


126 f-8 


23/7./ 




. 23^S.I 


/•6 S3. 9 




-• 1265. r 


. 93/3.7 




2 345-0 


/6S2.2 




I2CS.7 


.. 23 / 3 . 3 . 


SUM 


93 7 7.<i 


C .7 C 3.1 


SUM 




=1 2 7 3 .5 


AVERAGE 


2344.5 


/ 69 0,9 


AVERAGE 




2 3 12.4 


IHTfEEEVCX 




7 6 27.6 




234-?./ 


/ 6 30.9 


CONSTANT 


/2??7,6 


ya97.6 




~-?^o.3 


4 6 27.6 


CCBITIOIIHT 


- .373 


7-. -^37 




SHEAR 


2037- i* 


2oZlS 


SHEAR 


2/63.2 


/ 323*3 




2o37,5? , 


2020, / 


REVERSED 




/ea// 






2 082.0 




2156. (, 


1321.3 




2037.0 


ao23.2- 




3/57.2 


1321. r 


SUM 


2 M i 


8 0 8-6 .« 


SUM 


%C3(^.7 


162^.2 


ATlRACa 


_ e.o^6.7 


2o2i.7 . 


AVERAGE 


Z iS^.Z 


1 92 2,3 


SimRENd 


v-ya2.5 


~ 99--^ 




2036.7 


2o2i,7 


CONSTANT 




/? 93,6 




f 2 a./ 


- 334 


COEmCIENT 


■f- .02i5 


- .07/ 






MOMENT 






MOMENT 


2/S’2>? 


I<b24,0 




/ 36-?. 1 


2o3s.( 


RiCTSHixED 


.2/773 


/3?5./ 




/ / 


2 037../ 




2182.0 


./.337.*3— 




/ 962,2 


203/?. / 




7.18 0, P 


/°i26,5 


SUM 


7 8 i' -3 9 


S’149.3 


SUM 


9 7 24.2 


13433 


AVERAG® 


13^3. P 


a o 3 7. 3 


AVERAGE 


2 1 8 J. o 


1 996.0 


DIITERENCE 


.4 2/7/ 


- S'A3 




/ 963./ 


z 027.3 


CONSTANT 








f 2/7./ 


- // .3 


OOETFICIEHT 


tZ0.O3\ 


- 7-73-7 





7-11 



RUH ^2 

BEOOS DBJ^EHITaR 
DA.TA SEIXT 

RECOHIBE POIin # ^ /^Z SHEET # H 

OBSSRVEE LarSoU MICR0300RS # \o 1 Al DAT! 



PLUG 


HOfilZOKTAL 


71ETICAL 


" tmkTT 


2 o2o,o 


2 OSO.0 




20^1. S . 


2 02 I S 




2aZ0. 2 


2oZo.^ 




Zo^^.o 


£o23.o 


SUM 


8 5"3 


^0%S.3 


kYSRkGS 


2oZt.3 


Z 02,1.3 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


20/54 O 


/ 709.4 


THRUST 


2030 , -3 


22^5'. 3 




Z03I.S 


nos. 7 


REVERSED 


8035 8 


zz^SJ 




‘ 2o3o,o 


no7 Z 




2n 29-0 


2293. / 




2036-0 


1 707.7 


, 


2030.0 


. 2202.3 


SUM 


21 3/'S 


22-3 -0 


SUM 


8 ! 




AVZBIGZ 


^ol2.2> 


/ 70 7.£ 


AVERAGE 


203 


22 05W 


UUREUCX 


- L.S 


TJTtl 




2 0 3 c . 5 


COHSTAHT 


/2Q6.7 


/ 896.7 




- /.r 


/ s-gs-a 


CCETPICIMT 


_ ,oot 








SHEAR 


££>5^-7 


2029 7 


SHEAR 


2 j 3o - 0 


/935.4 




2o29.2 


2o2“5.a 


REVERSED 


2oS<5.o 


/93P.2 




2033, c? 


8033 0 




2034 .^ 


/93 6 .J 




2 03 3, o 


2o33.0- 




2037 S 


/937-2 


SUM 


8 12 ^. <5 


8 / 2 4 -9> 


SUM 


2 / 7 


77/6 *1 


AVERAGE 


.. . .2 0 3 1.2 


^*^3 /.2 


AVERAGE 


Zo3S.^ 

Zo'ii.Z 


1 <3 3 7.5* 
2 o 3 /-2 


DimRENCX 


^ 4.2 


- ^3.7 




COHSTAHT 


12^93-Z 


iZ8%Z 




-h ^'2 


-^3.7 


COErFICIEHT 


/ . Oo3 


-.073 








MOMEHT 


2oZ3.^ 


2 6SZ-I 


MOMENT 


2 033 . S' 


2 on .5 




20ZI.3 


2054 . g 


REVERSED 


2 o 30.0 


Zo to ,£ 




2oZ3.i 


So49.q 




ZoZl.2 


Z 0 M .7 




2oa3 3 


2o£o.7 




2o 27,9 


ZoiZ^I 


SUM 


^og 6 .1 


9207, C 


SUM 


8 l2Z ,6 


.B 


AVERAGE 


2 o24,o 


2O3/-0 


AVERAGE 


8030.6 


Z 0 / a.4 


DI77EREKCE 


V- (a .(3 


- 39.5 




ZoZ^.O 


2o5/. 0 


CONSTANT 


yo. 


/o. r/?°i 






- 39,5 


OOZTPICIENT 


^ . 6/3 


-3-67/ 









V-12 



HUW #2 

BE0G8 IXrORMXTXB 
rULTA SHEET 

RECORIHE POIBT # 2 PT SHEET # /2 

OBSEHVEE LarsiU MICROSOOPfc # /07A. DATE P.R^or\l 



1 PLUO 


HORIZONTAL 


VERTICAL 




2 


/897S 




/86S.S 


J834.2 




1 8 (- 7.0 


I882-7 




IS68.I 


I88o.<8 


SUM 




7534.6 


AVERAGE 




l8B'i-7 



PLUG 


HORIZONTAL 


VERTICAL 


PLUO 


HORIZONTAL 


VERTICAL 


THRUST 


1878.8 




THRUST 


/87(>.3 


20 CS .2 




f8743 


1743.3 


REVERSED 


1877. 6 


2 0^4.3 




1881.1 


174 7./ 




1877.3 


2 . 070.8 




/ 880 .S 


174 S. 7 




/ 879.3 


2qo4. 9 


SUM 


7 SI 5' .2 




SUM 


76/ 0 ./ 


8Zi5 7 


AVERAGE 


/ 9 7?.? 


1 744.8 


AVERAGE 


1877.5' 


206 6.4 


IHT7SBZNCI 


- /.3 


f32/.i 




)8 1 e.8 


/ 7'f 8 


CONSTANT 


tP^(>.7 


I2 36.7 




- 1.3 


4l2t.6 


CC8TFICI1HT 


. 00 / 


4.248 


' 






SHEAR 


/ 87 2.0 


/83(..% 


SHEAR 


1870.5 


! 8^0.3 




1872. £ 


rbo4. 6 


REVERSED 


1870.0 


1856,4 




/8K..2 


18^8.6 




1 870.0 


1 862.5 




/S74.4 


/9o3 7 ■ 




1973.1 


IP.SB.i 


SUM 


7^5 S./ 


7C03.7 


SUM 




7^373 


AVERAGE 


/ ?73.9 


; S 00 . 9 


AVXRAd 


/ ^70.9 


/ ?59.5'* 


DimRENd 


- 29 


- ^ 




/ 873.8 


/ 9 00.9 


CONSTANT 


1883.2 


/ 2 83.2 




8.9 


“ 


cosyriciENT 


- ,002 


- .032 








MOMENT 


1857.8 


/5 9<$.7 


MOMENT 


/ 958.3 


Z3//.9 




1858.0 


/<$33.8 


REVERSED 


18^4./ 


13/3.3 




/8C2.<^ 


f^oi-5 




! 8 (>C. 7 


13/3.8 




1 85^5 


. _ 




IRC&.7 


13//. 6 


SUM 


7 438.2 




SUM 


74 ^4 


1650.6 


A VSSAG^ 


1 959.6 


/ Ooo,o 


AVERAGE 


L4. 1 


Z9/2.6 


DITPERINCI 


4 4.5 


V- / 2 . 4 




185 9.6 


! <^ 00.0 


CONSTANT 




/<?,759 




4- 


-t tZ.6 


COEmCIEHT 


4-, 4/8 


4 /. Ill 







7-13 




HUN #2 

BEOOS EEF0RM2TSR 

_ DATA SHEET 

RECOHIER POINT# lO PX* SHEET# 1*5 

OBSERVER LA fil^C'AJ MICROSCOPE #' t07 /Al"" DATE "A 'p/ZlU /f 



PLUG 


HORIZONTAL 


VERTICAL 


NfiHkAD 

SUM 

AVERAGE 



























PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 






THRUST 












REVERSED 


























- 




SUM 






SUM 






AVERAGE 






AVERAGE 






miTBRElCX 












CONSTANT 












CCIE77ICI1NT 












SHEAR 


nti-i 


/3'3y: s 


SHEAR 


9''C0O,o 


/32CJ 


fro TMir' 


n4Q.o 




REVERSED 




/3^2.^Z 




^7-^2J.sr 


j2~4hiL 




9^ b' S' 


/3SZ.Z 


C 








9S9. 5- 


/2SS- / 


SUM 




CfS4,l 


SUM 


5&-T3.? 


SSZ9. ^b 


AVERAGE 




/S’S 


AVERAGE 


/y4h,4' 
-l?s. o 


/5 9Z.4 


CX 








/SB S', ^ 


CONSTANT 








C0I77ICIENT 


-.Lia 


~ . /Z7^ 




-/SC,) 


MGJfflNT 




/^4(..9 


Tt^TCETna 


Z 5o9, 4. 


2Lfn.Z.. 


/ 


/fr24.Z- 


/'=f<%i 


REVERSED 


ZZ//. 9 


Z/J4.2 


[rt> TH^ 

fi.iCttfT' 
'7^^ Cc^T \ 


/y2^A 






Z3/2.Z. 


Z//3.0 




/94<i. z. 






jk/o^r? 


SUM J 


4/37-^ 


li9t.o 


SUM 


9Z44.0 


944^ > 7 


average 






AVERAGE 


'jL'iil 




DI77ERENCE 








/ <>.4. f 

f 77-j,,2. 


f 9 4.1. S' 
* /64,fc 


CONSTANT 


ITWTTZ 






C0E77ICIZHT 




y-. /z^ 





7-14 



BUN #3 

BEOGS nSfOSMETSB 
HA.IA SHEET 

RECOHDEH POINT # SD SHEET # 

OBSEEVEE L Q r^o MICR03C0PB f JqjjAL. DATE "Rq 



1 PLUG 


HORIZONTAL 


VERTICAL 




2/^3, iT 


iB^y-s 










2/9 fi.-/ 


18^1.0 




2/3-?. 5 




SUM 


Sl»£.3 


7j7A6 


AVERAGE 


2/3 6.3 


18^4.^^ 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


2 538.0 


2/39-6 


THRUST 


/ 5’44.3 


! 55 i- 6 




2535./ 


2/46,8 


REVERSED 


/ 54^.0 


Z549.5 




2534./ 


2M03 




1844.2, 


/549,3 




Z536.2 


2141. 5 




IB43.S 


Z547.5 


SUM 


foM2 .4 


dS(>2.2 


SUM 


7375 .o 




AVERAGE 


2535.6 


2Mo. 6 


AVERAGE 


/ 943<9 
2535-6 


)S4 3.S' 


DHTEEENCE 


- 69/, S 


- 59/. 1 




2\4 0,C, 


CONSTANT 




Z296.7 




-6 9/.-? 


- 59/-/ 


CCBTEICIINT 


- .534 










SHEAR 


240/. 3 


/ 325./ 


SHEAR 


dOlS./T 


/ 796,3 




24 66.5 


t^ZC.3 


REVERSED 


202/. 7 


1785.3 




2A(iZ.^ 


/32A.6 




26/6.7 


I78S.Z 




24oZ .! 


/ 9 25.4: 




20/5.5 


/7 96.y 


SUM 


^607 


770 3,4 


SUM 


?o73L.4 


7/ /?3. J 


AVERAGE 


Z4oi,8 


• •iZS.B 


AVERAGE 


Zolff.t 


1 795.^ 


SI7F£R£NCX 


- 383,7 


— / 3 e.o 




2461. 8 


/ 3 25.8 


CONSTANT 


_ / 223.2 


/ 2^3.2. 




-383.7 


- /3o.o 


coiyyiciENT 


- .993 


- ./o/ 






MOMENT 


2 272.2 


/343.5' 


MOMENT 


ZI5S.3 


/ 73 3.9 




2270,2 


/944 7 


REVERSED 


2/53. Z 


17 32.2 




2270-3 


/3 43-5" 




Z/50.2 


17 33.5' 




2269 7 


/ 34 3.4 




2/5 3.1' 


/73o.i 


SUM 


3>o 82 


7 7 75-/ 


SUM 


l?6 / 2.2 


693 0.0 


AVERAGE 


2270.6 


/ 343.5 . 


AVERAGE 


2 / 53.0 


/ 732.5 


DIJTERENCE 


~ // 7. 6 


- 2//.3 




2 a'vo. 6 


154 3. S 


CONSTANT 


I0.TS5 


/ 0.755 




-i 17,6. 


-2/ /.5 


COEEFICIINT 


— /©. 33o 


“ /^.633, 








HUH #3 

BEGOB nSFOBMBTER 
IBITA SHEET 

RECOHIHE 'Pe rr'J POIITE f <^5 SHEET # /S' 

OBSEHVEE MICROSCOPE f )n<7 A~L DATE ?rj/4P*-// /Qc»r 



PLUG 


HOHIZOKTAL 


VERTICAL 


ECRMAL 


1^80.3 


IRS6.I 




/e77.3 






/ ^ 78^ 


I8S3.Z 




/'=>7 3> 6 


. 16 50S 


SUM 


n°) ! t5 .1 


74 oe.^ 


AVERAGE 


‘ 1 3 78-3 


18S8,Z 



PLUG 


HQEIZOHTAL 


VERTICAL 


PLUG 


■HORIZONTAL 


VERTICAL 


THRUST 


23«^7 7 


2/75.2 


THRUST 


76// 3 


/540.6 




233‘i,/ 


2/73,7 


REVERSED 


Uo^.o 


1542./ 




2 33 6,9 


2168.3 




IC/2.1 


/544.0 




2393,8 


2/69.5 




Ui 4.0 


/S43S 


SUM 


95*97,5 


a5?6,7 


SUM 




i noA 


avehagb; 


2396.<5 


2 • 7 /. 7 


AVERAGE 


/ 6 / 2. 6> 


1 54 2.5 


mjnsjaa 


- 7 84.9 


-6 29. 2 




2396.3 


2/1 /.I 


COHSTAHT 


/ 2 96.7 


/2 96.7 




'7^4 .9 


--629.2 

« 


CCEFEICIEHT 


— , 


—>4ajr 




SHEAR 


233fi’,7 


/935.0 


SHEAR 


/73/.£> 


/IS/. 5 




23 3 8-/ 


/ 933 .9 


REVERSED 


/724 8 


nsa.o 




233 B- Z 


/ 933./ 




HZC.2 


/ 784.3 




233 4.5' 


/938.S ■ 




H?7.8 


nsi.^i 


SUM 


9 34 9 .i" 


774 0 .9 


SUM 


6 9<3 9.6 


7/5/ ‘O 


AVERAGE 


__2 33 7,4 


/9 35.2 


AVERAGE 


17 27.^ 


/ 78 7.5 


DimREHCI 


-(>10.0 


-/47.4 




2337-4 


ms-a 


CONSTANT 


_ J 2 93.2 


IZ83.Z. 




— 6 /0.6 


- i^7 5t 


COITEICIENT 


— 475 


- .//5 






MOMENT 




/97/5 


MOMENT 


2 017.0 


/720.2 




/ 990.8 


1^11 J 


REVERSED 


doSO-t 


ms. 8 




/99/.S 


i^n.s 




2oie.2 


n/s.4 




/ 990. / 


/ 9/5./ 




2.0 2.0 , 2 


1718.8 


SUM 


7962.3 


7 §75.6.. 


SUM 


«o7 5.5" 


687 8.2 


AVERAGE 


/ 99 o. 6 




AVERAGE 


2 o i 5.9 


/ 7 / 9.6 


DI7EERENCB 


f 22.3 


- ?49.3 . 


.. 


/ 9 9o. 6 




CONSTANT 


/O. 7.5“9 


/6.7j5 9 




t 2 8.J 


*'249.3 


COEFFICIENT 


+• ? . 6 3o 


- 23. /7/ 


- 


f 



SECOHDEE ^(grt-y 
OBSEEVEE 



HUU #3 

BEGKJS rBFORKETEE 
DATA SHEET 
POINT # 'T^D 

HICE0300PS # f cj 9All 



SHEET f /< 

DAT® 'io^ptr ji ^ /A S~y 



PLUG 


HOEIZONTAL 


7BSTICAL 


NdEkAL 


niz.5 


ns^,o 




ms. o 


/3S6./ 




m'b.o 


/bds^ 




/ly j.t 


/9 93.4 


SUM 


7 0 3 /, 6 


79^ 0 ,0 


AVSEAQE 


/ 772.3 





PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THEU3T 


2o79>? 


.. 2223.3 


THRUST 


/ 3 34.5 






2ob !.S 


aas8.8 , 


REVERSED 


13 547 


u 10.3 




ZoibA 


22S7.0 




n36A 


!4 76.S 




ZolB.Z 


22 86.0 




/ 38 7.5 


U72.8 


SUM 


S3I B 'f 


^/5U 


SUM 


55S 3 .i 


4694./ 


AVEEAGE 


2073.5 


2 227.8 


AVERAGE 


/ 3 35.8 


/ 6 * 73,5 


miTSEXHCX 


- 683 7 


- 6/-VJ 




-Zo7%X 


2 2 8 7. 8 


CONSTANT 


12 BB.jy 


. / 2 85.5 




- 453.7 


- 6 /4.J 


CCBFEICIINT 


- '53/ 


-.477 






SEEAH 


2200.3 


8067,0 


SHEAR 


1342. S 


/025,2. 




22 oo, 3 


2067.5 


REVERSED 


1341 3 








Z 04,4 4 




/ 333.1 


1331 3> 




2 1^8 A 


2047 3 




..J 345.1 


/9 2 7.5 


SUM 


87 3 


826 6 .2 


SUM 


S3 4 2.0 


77 / 3 5 


AVSBAGS 


2 » 03.3 


2o6 6,6, 


AVERAGE 


! 34 2. c 


/ 3 28.4 


DimEENCl 


- 85 7.^ 


— /38.2 




E y 9 3.3 


20 66,6 


CONSTANT 


. / 2 83 o 


/e83 o 




-B 57.3 


- /38,2” 


COiyEICIlKT 


- - 666 


- ./07 




MOMENT 


/533./ 


2o7/.5 


MOMENT 


2030.9 


18 48.3 




/529.0 


2074.2 


REVERSED 


2o35.o 


/868,2 




/5 2 7.3 


2o73.3 




ao33.3 


f 844.3 




1335 Z 


2077.3 




2o29. 0 


/86.7^. 


SUM 


6 / 2 *r .2 


3 


SUM 


8 / 2 S .2 


7^70, r 


A VJtHAGS 


/ 53 /.3 


2076,1 


AVERAGE 


20.3 2.0 


/ 8 6 7. 4 


DI7TEEENCI 


.A 5-00.7 


- 




/53 ' 3 


2o 76, / 


CONSTANT 


/o-2aa 


10.82,^ 




Soo.7 


="roT7 


OOITFICIEHT 

• 


•/f^.237 


-I3.Z£^ 









RECOHiaCS ^erv-y 
OBSZEVXB 



RUN 13 

BEOOS IBFORMITSR 
DATA SHEET 

POIITT # _9^PT SHEET # 17 

HICE0300PS 7 DAT* 36 Op>r!l /q.^' c 



PLUG 


HORIZONTAL 


VERTICAL 


nfBHJKir 










SUM 

AVERAGE 



















PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 






THRUST 












REVERSED 






























SUM 






SUM 






AVERAGE 






AVERAGE 






DirrsBXBCZ 












CONSTANT 












COEEEICIINT 












SHEAR 




2332./ 


shear 


10 5^:7 


ZlRBA' 


/ro> THB 


2o2^.0 


223C. 7 


REVERSED 


Iocs, s 


2184.0 




S027 ? 


. 5.3 33' S 




/06/ 3 


ZiBs.o 




Zo2€ H 


2 3 .34- / 




.^6 6 2 2 


2/44 8 


SUM 


% 1 oA.f? 


^ 33 g .7 


SUM 


4 24 8 


<974 5.5 


AVERAGE 


2o2G.P 


2334.7 


AVERACn 


10 (>2.1 


2 f 24.3 


DIITERENCX 


-^64 / 






Zo 2g - 2 


2 334 V 


CONSTANT 


i26^0 


/ 2fl ^ 6 




- 44. / 


- 1^8 4 


CQEnriCIENT 


~ .748 


- . 






, 


/TO 7H£ f?iAuA. 






SB£/iRmai» 


l9AoA 


jrM>2 


. /5B^S 


/223 6 


REVERSED 


/243 4 


//73 3 


\OB W£ CurJ 


J586yl 


f250j 


V 




! nz.o 




/3S8J 


}7BiX 


- 


1042.3 


f/73. 2 


SUM 


63^0 8 


^155-2 


SUM 


726!$ A 


4^03 .3 


AVERAGE 


J5S7.7 


f299.,9. 


AVERAGE 


1 


1/73.3 


DIT7ERENCE 


■^253 7 


- ns.^ 


- - * — 


/5-97 7 


1 c S 8- 8 


CONSTANT 




1?. 




4 - ^ 53.7 


- / / 5 . 5 


OOEEEICIEHT 


1^7 


- .6 56 







7-lg 



fiOK #3 

B20OS ESrOBMITSS 
mu SHEET 

BICOHIliB ?errv POIET # SHEET # /g 

OBSlRm MIGROSOOfTT^gaiQf , , J2^muJJ2£f 



PLTIO 


HOBIZOmi 


mriCAZ. 


“TBHnr 






; 


2008.3 


2ZU.I . 


A 


. 2008 - 2 .. 


221 




BOoS-’^ 


.2.212,3 


SDK 


o 3 3 .3- 




kT^GE 


.2 0 o?.3 


2Z If- 6 



.fwg'' 


HQRIZOmL 


,_71BTICAL._ . 


PUJO 


HCfRIZOHTAL 


VERTICAL 


■ THRUST 


' P26/.0 


/5’<57.R ‘ 


•' THRUST 


.1.784-8: 


Z62B.2 




. 22S^,6 


f 838.7 


REVERSED 


17834 


2529./ 




2Z&I-8 


f83h.S 




.1184,3 


_ 253,0,1 




2263 - 1 ■' 


/ 896.4 




H84- 3 


2S20.8 


SUM 


^0-^5 3 


7^.88 4 . 


SUM 


7 / 3 8 .o 


i 0 ( / g a 


ATZRA(a 


226 1.4 


/85 7./ ; 


AVERAOS 


/ 7g’4.5' 


2529.6 


BETTSEDrCX 




4 6 325 




2 26 1.4 


, / <$,97. / . 


COHSTAHT 


IZ8R.5 


I2 88.S 




476.9 


V- 6 3 2-5 


cosmoixiT 


- .376 








SHEAR 




. 2 7 io. o 


SHEAR 


a/32-/ 


2132-1 




Z947.4 


2 2 60.3 


REVERSED 


.. 2/ 34. 5*. 


2/34.5' 




- Z949-JT 


*226/. 5 




2/3 2.3 


2/32.3 


• 


/647 3 


2238.5- 




2/93.0 


2/ ?3 o 


’ SUM 


77 9?. « 


<3 o4o .3 


SUM 


553/3 


' 953 A 9 


. AVXRACRB 


_ 1 ^4^.2 


2 260,1 


AVERAGE 


2/33-0 


2/33.0 


DimREKd 


■/" / 24 8 


- / 2 7-/ 




lo>4ff-Z^ 


a 260./ 


COBSTAKT 




126 3.0 




4 / 84-8 


-127-1 


coimcixiiT 




099 






MOMZITT 


/e348 


2 2^4 «5 


MOMENT 


2235.0 


ao93.3. 




f 8 34-8 


2 29 8.0' 


REVERSED 


2234.5 


2o9 /.5 




18 38-0 


2298.0 




2229-7 


209 0.3 




! 8 33. S 


22 9 6.0 . 




22? /. r 


2o9 /. 2 


SUM 


73 4 1 .1 


9 / 9 


SUM 


& 9 3 0 .9 


% 3 66-3 


AVXJhAGS 


/ 9* 3 5*. 3 


2 2 97. 2 ^ 


AVERAGE 


22 3 2.7 
1 8 35.3 


2 09/^6 


DIITXBIHCX 


■hl,^7 4 


- 2 05.6 


1 y. 


2.2371 


CONSTANT 


to, 92 ^ 


la. ^23 




i- '39 7.4 


- 2 t >' 5.6 


ooiarpiciiHT 


436.698 


- /5’.986 










RECORDER 

OBSERVER 



RUR #3 

BEOG8 DBEORMETER 
DATA SHEET 
POIITP # 4PJ 
MICROSOOFfc # 



SHEET # 

DA^T* Ra Qpm ) tq .s-C 



1 PLUG 


HORIZONTAL 


VERTI CAL 


lyjIjiTiJI 








13/0.5- 


13 55.0 . 




izy 


I35SJ 




/5 / /.S 


.13^55.^ 


SDM 


l^^S-0 


1^2/ ,o 


AVERAGE 

1 


1 3 ii.e 


/ 3 53. Z 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


1312. i 


/65-y.7 


THRUST 


1328.7 


22i:^.o. 




/e/5.6 


Use. 7 


REVERSED 


13 26. 7 


2 25 77 




i3H.S 


tesj.o 




I3Z8.3 


2233 3 




t3l5'^ 


U$i.^ 




13233 


226/0 


SUM 




6 6 20.8 


SUM 


77l 3 6 


30 3 6 ,0 


AVERAGE 


t 31^.0 


USS.2 


AVERAGE 


/3 29 ^ 


22S3.0 
X-6 5 


DIT7EREHCS 




A 6 o?, j? 




13 1^.0 


CONSTANT 




7T&74 






-f Cq 3.5 


CCEF7ICIENT 


y* .<3// 


y-.^63 








SHEAR 


/ea^.8 


2oo^.l 


SHEAR 


/<33o. 2 


/(93 7,5 




/ 326- a 


2oo6f.? 


REVERSED 




/6S3.4 


- 


132(..5 


2007-3 




1323.1 


1834.1 




132 6-B 


2oo 8 o 




1320. i 


1839.2 


SUM 


no^.3 


-S024 ,3 


SUM 


771 S .< 


7553.2 


AVERAGE 


A 3Z5.J 


2 006 . ? 


AVERAGE 


/ 9 23.6 


rS35.8 


DimHENCE 


y-3.5 


— //0.4 




1 32 e.i 


2 00 e.^ 


CONSTANT 


/ e33.6 


IZ32.L 




^ zs 


-T i 0.4 


COimCIENT 


■y . 003 


— .OSS 




MOMENT 


/3 2 6.2 


2033.5* 


MOMENT 


132.4 ■! 


iS5e.e 




/ 3 26.5 


2029.^ 


REVERSED 


f^as.3 


/8£8.!S 




131.0. Z 


2o3o.3 




132-^. 9 


12 60.0 




1 3 26.0 


2033.3 . 




132^. 9 


18 56.3 


SUM 


7 7(5 5.3 


%l 2 7 o 


SUM 


76 3 3 .5 


7432.0 


AVERAG® 


/ 3 2 7. 2 


Zo2 /.8 


AVERAGE 


/ 32^.9 


1 8 58,0 


DIE7ERENCE 


- 2 3 


- /73.2 




1 32 7.2 


2 0 3 /. 8 


CONSTANT 


JO 25?? 


la.S58 




-23 


“ / 73.8 


COEEEICIENT 


2/2 


- le.ooTf 







7-20 




RlIH #3 

BEGOS ISrORMETER 
DATA SHEET 

RECORDEE 'Perr-y POIRT # 2 PT SHEET # ? Q 

OBSERVER MICROSOO^l! f DATE 



PLUG 


HORIZONTAL 


VERTICAL 


iraHJinr” 


1 ^ 27 . 3 , 


;73 8.y 






/73 8,^ . 






/793.6 






1793.2 


SUM 


77 sS,S 


.7131 .7 


AVSRAOE 


l^ 3 S.^ 


I7SS.7 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 




l^£/.o • 


THRUST 


I3SO.O 


I3S0.4 






/(^3C.£ 


REVERSED 


/9-?7-? 


13^3.0 




I2>4 £.9 


1642.^ 




../3£as 


13 CO. 5 




1 e^^.9 


16^0.3 




/9-?7.5 


1 3 € 1.5 


SUM 


T7^L2 


C £6 0 .2 


SUM 


773 


7%464 


average 




1 C^O.O 


AVERAGE 


i3^e.c 
1 9*^ 5-4 


I3C 1.4 
\CAo.o 


mmRncE 


V 7.2 


....■h3ZL4 




CONSTANT 


/25 7.6 


/ Z87.(> 




A 3.2 


■hZ2{.A 


CaBEPICIIHT 


i- .00 2. 


•h . 25^0 








SHEAR 




ia/4.o 


SHEAR 


1343. L 


17^7.2. 




n^2.s 




REVERSED 


/34 7./ 


n^£./ 




/340.S 


/S/2.^ 




n£8.s 


n L4./ 




/37/.0 


72M.5 ■ 




1347./ 


nc7.4 


SUM 


17(.£ ^ 


7257.1 


SUM 


173 2.3 


-JO MU 


AVERAGE 


_ /9-?/.4 


t S/^.3 


AVERA(^ 


/ ^48.1 


( 7CC.I 


BimRENCl 









/ 341.4 


/ ^M.3 


CONSTANT 


_ /E^3.x. 


/253.^ 




4 ^.1 


- 48.2 


COIITFICIENT 


/ .ooj- 


- .037 




MOMENT 




l?2S.^ . 


MOMENT 


134/. 3 


1754.0 




134'I.S 


12 2^.1 


Kiti VliilSiJSlJ 


J342.3 


nsz.s 






12 2^.! 




1343.0 


nss.s 






I2Z7.3 




13 4 i-o 


175/. o 


SUM 


1113.1 


7 3 0 3.3 


SUM 


11 C2.Z 


10/3 JO 


AVERAGE 




/ ^ 2£.% 


AVERAGE 


/ 3 4Z.0 


/ 153.2 


DIEEBRINCS 


- 


- 7 2.6 




/ 3-^ -?*S' 


13 25-^ 


CONSTANT 




to. 252 




- 2-2 


~ 72. C 


COEmCIENT 


- .258 


- (S. C2i. 





V-21 



RUJI ft'4 

BEOGS DEFORMETER 
DATA SHEET. 

REC' RDER Pdir -^s/ POINT # SO SHEET # 2 I 

OBSERVER ~ La MICROSCOPE: Io^aI C^TE I 



PLUG 


HORIZONTAL 


VERTICAL 


itbkkAL 


... /^2£-.£- 


lOO&.f 






l06-i.3 




/<3 2 7 4 


loo 2.L 




/6 2 9,!T 


tOoZ.S 


SUM 


^ / 0 7 


^0/ ^ .4 


AVERAGE 


! 0 27. Q 


\ooZ.c, 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


1320.-^ 


' !22i.Z 


THRUST 


G€^.7 


433-0 




1320.1 


/22S. i 


REVERSED 




635. 1 




/3 S*/.o 


122Q.O 






486.2 




1320.2 


1222.3 




6^3.2 


40 /.2 


SUM 


^^2 / -o 


5! 3 3.G 


SUM 


2 6 7/ -3 


Z175.i 


ave<Uge ' 


1320.^ 




AVERAGE 


^ 0 


4 9 3.0 


DIFFERENCE 


- 7/2. 


- B2i i.o 




/ 380.-7 


/ 2 ^4.0 


CONSTANT 


iZB2 i' 


/2SS.S 




- 7Z3.-7 


- S3 / . o 


COEFFICIENT 


- .5-5-3 


- . -?5e 




SHEAR 


IZoZ.p 




SHEAR 




052.7 








REVERSED 


2C2.S' 


3.5 2-5 




120^.3 


lO^L.I 




'BiZ.O 


3 5 2./ 




l2o(>.? 


(0^73 




2^2.3 


3 5 2.-S? 


SUM 


3 / 8 .0 


^i%3.3 


SUM 




3803.7 


AVERAGE 


12.0^. 7 


lo^S.9 


’ -AVERAGE 


8 6 2.0 


35 2--^ 


DIFFERENCE 


-3^2. S ■ 


- 93..^ 




iZc^.S 


/s-<?5-9 


CONSTANT 


12 33,0 


IZS3.0 




-3-? 2-5 


- 03.^ 


COEFFICIENT 

< 


— . 26(S 


- .072 








MOMENT 


127^.3 




MOMENT 


759.2 


^33-7 




/zai.3 


IU3.£ 


REVERSED 


72S.Z 


225.3 




12 8 


/I U. 6 




79/.5 


236.0 




1 2B£.l 


//59. 7 




755.3 


83i.2 


SUM 


5\33^ 


^ 8 .3 


SUM 


3/ 5^. s’ 


0323-2 


AVERAGE 


i 2^3.7. 


t ^ 6 2.a_. 


AVERAGE 


7 8 g-7 


^2 3 2.3 


difference 




- 3 39 5 




1 2 <53.2 


1 1 62.2 


CONSTANT 


'0-939 


/o-9as 




- 4 0 5. S" 


- 329.9 


COEFFICIENT 




- 20. 





^~2Z 



RUN #4 

BEGGS IE70RMETER 
D^.TA SHEET 

RECORDER 'Vszrr-^ POINT # (tS SHEET t 22. 

OBSERVER ' l,ar<.Oi^ MIGROSCQPS f DATE /93 ~< 



PLUG 


HORIZONTAL 


VERTICAL 


VfftftkAl, 


; 753.0 






n 54 ^ 


l‘S’7S.2 . 




/75XR 


/? 7 7, 3 




I7S6.3 


/Tgo. / 


SUM 


7c s 


7SI C .£ 


AVERAGE 


' } 754.9 


/^79./ 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTiaAL 


THRUST 


2 170.3 


9/89. S 


THRUST 


/39/. 3 


75CS.9. 




2l 73.2 


2/29.9 


REVERSED 


Z392.2 


/J^65.4 




2t7o. 2 


2 / ?7.7 




/ 39o, 9 


/566-2 




2112.3 


2/ ^4. 5 




125 5.2 


/56C. 3 


SUM 


.C 


§ 752.3 


SUM 


5569.4: 


6 26 6 .7 


AVERAGE 


2 »7/.4> 


2/22. / 


AVERAGE 


/ 3 9 2.4 




DITTERENCE 


- 175-2 


- 62/, 4 




2 / 7 /- 6 


c. 1 B 8‘ t 


' CONSTANT 


/ 2 855' 


/2 88.±' 




- /79.? 


- 62 /.4 ' 


COBITICIENT 


— , C05 


- . 482 




SHEAR 


2) IZ.3 


/ 956.0 


SHEAR 


/5'49.3 


I9AZZ 




zno.^ 


f^S7.6 


REVERSED 


/55c?. 5 


/244- / 




2///. 9 


/ 9:5 7 .2 




/55/-9 


/V4 2-6 




2 /09.9 






ISA2.Z 


/8'4o -5 


SUM 


§444 3 


1B2?.3 


SUM 


i f 93.9 


736 9 4 


AVERAGE 


Zl 1 1.2 


1 35 5.6 


AVERAGE 


15 50.0 


/ % 5 2-4 


DIFFERENCE 


- 5^/. 2 


- / / 3.2 




2 M / . 2 


/ 9 SJ. 6 


CONSTANT 


12 2^ 0 


128^.0 




- 56 / .2 


— 113:2 


COEFFICIENT 


- - 4 35 


- - OSS' 








MOMENT 


2o9t.l 


2c 59.0 


MOMENT 


ISH2-3 


Z724.2 




2ol&. / 


2^57.5 


REVERSED 


73^^ 7 


Z72/.9 




2o79-4 


2o5 9-0 






flZ2.it 




? 


2oi, 7 0 








SUM 


§3/ 5J 


V^3^5 


SUM 


/; / .7 




AVERAGE 


20 7 2 .9 


2 / 


AVERAGE 


/ 544-7 


( ”7 2 2.5' 


DIFFERENCE 


- 5.24. y 


- 5 3 5.6 




2 07 9.9 




CONSTANT 


/c. 


/0-;?29 




- 5*^4 1 


-335-6 


COEFFICIENT 


-49.32/ 


- 1 









EUK #4 

BEOGS LEFORMETER 
DATA SHEET 

REC^'EUER POINT # 'pD SHEET # 23 

OBSERVER MICEOSCOPt f /09u^L DATE S Pi cxu f'iS5 



PLUG 


HORIZONTAL 


VERTICAL 


NORMAL 




/e>7^.o 




r'^SSS 


1870.6 




/^d. / 


I&IZ.Z 






7S74P’ 


SUM 


6 , 5 ' 


7^ 3 ^ .3 


AVERAGE 


ni>o . ( 


IS7ZJ 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


23n.P 


n$7. o 


THRUST 


/i?92,3 






2Vd.^ 




REVERSED 


/i‘9 2 . a 


(545.2 






//(.o.l 




159 o.$ 


(545.6 




23//,/ 


ho 6. 6 




153)1. f 


!$4 7.7 


SUM 


^2CZ.B 


-? 63 3 -7" 


SUM 




C 1 94 .o 


AVERAGE 


23 ib. 7 


n 5^.4 


AVERAGE 


/. 7 


IS4 6.0 

nse-^ 


DIlTEBEirCE 


-724.0 


$97^ L 




21)1 0-7 


CONSTANT - 




/es7 . 6 




-7^4-0 


Z87 .h 


COEFriCIENT 


~ .S(>2 


. "30/ 






SHEAR 


23^2 6. f 


/ 0//,/ 


SHEAR 


1542. 3 


r?o/,L 




23?-?, o 




REVERSED 


IS45P 






33<9a.2 


1312. 






1 803.4 




23 1 


1313.0 




1541, 0 


/ 8o 2 . 6 


SUM 






SUM 


6 i C i .! 


72 n .9 


AVERAGE 


_2 


Z0/2.5 


AVERAGE 


1 $4 /.$ 


! 70 


DIFFERENCE 


^8^82-3 


-/^3. ? 




2 393.7 


19 1 2 .3 


CONSTANT 


/2^3.6 


1233.6 




- 94 2. J 


-/ooj.3 


COEFFICIENT 


- , ifl 


- .0?$ 






MOMENT 


2! $2.1 


202 2. 2 


MOMENT 


1703.5 


/67/.<i 




Zt4^.l 


2oZ$.$' 


REVERSED 


t 706,2 


(6 73.9 




ZlAl.O 


aoZ3d 




I732P 


(673. 4 




2M6-^ 


'202 C. 3 




1192.7 


(6 79 3 


SUM 


8i"3 


703 1 y 


SUM 


7 / 7 i". ^ 


6720 3 


AVER.AGE 


2!^ 3.7 


2 0 2^2) 


AVERAGE 


f 706.f 


/ 6 


difference 


-3 ^2.-1 


- 




2 1 42.7 


2,0 24.4 


C'''NSTANT 




tO,^h9 




-3^^. 3 


-344 ^ 


COEFFICIENT 


' 32.4v?<; 


- 3/. 7oo 







T-2U 



R2C0HDEH 

OBSERVES 



HUS #4 

BEOGS ISrORMETER 
DATA SHEET 

M I CEOS COH: > ICjCsfiL. 



SHEET 

date 



* 2^ 



1 PLUG 


HORIZONTAL 


VERTICAL 




2no,z 


2./90-2 




Zi4><:,n 


2!83,z 






Zt?t.Z 




_ zi^e.5 


2)97. 2 


SUM 


LO. .2 


S7^9.$ 


AVERAGE 


a / 6 7. 3 


7.^ 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 




2^3^J.2 


THRUST 


Z9 53.6 


i8 62i7 






2500.3 


REVERSED 


1350.5 


/8 7^iT 




2^0%. 2 


24^^./ 




/949./ 


/ /? 7 A / 




2^o9.i 


25ot, 0 




/ 347 .S 


f 87 2.5 


SUM 






SUM 


1 2 (b 0 n 


74^5 .% 


AVERAGE 


^4o6.J5' 


2^33.^ 


AVERAGE 


13 50.8 


Z49d 3 


DITTSBZirCX 








24 0G-5 


CONSTANT 


/Z97.6, 


tZSl.G 




— 45 i’ 5 




C0E7TICIENT 


- . 3iW 


- ,488 






SHEAR 


2155 .G 


2292.2 


SHEAR 


/666. i 


2 / 37 .Z 




Z157.) 


2 2 9 2. 3 


REVERSED 


/U 4.5 


2 / 35.9 




Z15I. 9 


229 (>.i' 




iUQ. 6 


2 / 34,9 




zn 50.5 


22q L.5 




iLloJ 


2/36.4 


SUM 


II 0 \5 ,! 


_ 9/7 7./ 


SUM 


C C ^7 , 8 


^'i4 ^ 4 


AVERAGE 




2 2 94.3 


AVERAGE 


1 ^ 67,0 


2/ 3^.«( 


DIT7£R£Nd 




-. /3'7 7 




2753 .? 


22.94 J 


CONSTANT 








-■(03 8 


^ /5 7.7 


C0IE7ICIENT 


- .2^0 


-■(22 






MOMENT 


2 09 33 


2 3 <59.4 


MOMENT 


2303,2 


2029-6 






2365.3* 


REVERSED 


23 02.3 


20 3 /. 7 




2093,6 


23 66.'? 




2 3c6 .c 


203 r°) 




2 03 5.--J' 


2170.2 




23o2.5 


2o 3 /. 6" 


SUM 


^377 3 


^4 74 .7 


SUM 


92/4.6 


s/24.7 


AVERAGE 


20 3 4,3' 


ZZG ?.7 


AVERAGE 


2 36 3.6 


203 /. 2 


DIF7ERENCE 




- 3 7 7.JT 




2-3^ -5 


2 36e.7 


CONSTANT 


fo. 25S 


/c.<?jT6 




r 20 3 .f 


'337./ 


COE7PICIENT 


2.5B 


- ‘if.oas 







7-25 




RUK #4 

BEOOS EEyORMSTER 
DATA SHEET 

BECORDEB POUTT f 7P.T SHEET # 

OBSERVER MI DATE 



1 PLUG 


HORIZONTAL 


VERTICAL 


K(||||mS 












SUM 

AVERAGE 



















PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 

SUM 

AVERAGE 

DI7TERSHCI 

CONSTANT 

CCEPPICIINT 






THRUST 










REVERSED 




























sux 

AVERAGE 


























SHEAR 






SHEAR 

REVERSED 

SUM 

AVERAGE 


/ 751.0 


/S£2 3 


ht>THe LKf^r 


eS47^ 


18^2 .5 


/74S.5' 


(SSo. 1? 






. /3-9 7.9 


!7^(. .3 


1850. / 




28'^o-s 




n^^.5 


fe^'o.jr 


SUM 

AVERAGE 

DimRENd 

CONSTANT 

COIITICIENT 


U31°>.8 


118 \ .2 


.1 


l4o^ .2 


ZB^S'.o 


n^s.z 


} 7^8.3 
284 5.0 


185/.0 

1^95 3 


-/096.7 






rZ83.2 


0^ € .7 


- "^4 .3 


- .235 


-^o7J 


HOMBNT 

SHtAd 


1330. S 


2370.2 


SfifiJR MefffiNT 
REVERSED 

SUM 

AVERAGE . 


I7€7 3 




Ik 30.S 


23 ^*^.2 


(77 f. 3 


2/9 7.3’ 


/u The K\6iHT 
pPTH^ C.UT / 

SUM 

AVERAGE 

DITEEHENCl 

CONSTANT 

COEFEICIENT 


/k3o.7 


2372. g 


I170.Z. 


2762. S . 


U 30 . 4 


Zlki.S 


I 7^g. 5 


2 2 S' 2 - <*• 


kSZ 2 1 


9-S7 3 .5 


lo7^7 


77 0 /. 0 


/ 6 3 c. tr 


2 ^..4.. . 


.U^3o^8' 


Z200.Z 
£ 3 4^,^ 


/ 138. 




t 2R2.2L 


.'2 ©J,2 




— / 4 Sr . c 


y-i /£>? 


- . 131 



V-26 








I 



.jjiliir 



RUN #4 

BEOGS rsrORMETER 
DATA SHEET 

RECOEEEE 'pQ^iry POINT # SHEET # 2(, 

OBSEEVEE /_ct k^c? w MICEOSCOt^^ f y4L. DATE g/H/ly t^JS 



1 PLUO 


HORIZONTAL 


VERTICAL 


lygjmjj 


23/3.4 


9 0l7.fi 




23 


2 02.CJ, £ 






2o2 /.;> 




25/3, /? 


2 oz o . / 


SUM 


9 2 7, 8 i 


207 9 .7 


AVERAGE 


2 3 / ^.4 


2* 




v-27 




flUH i?4 

BEOGS IB70RKETER 
mTA SHEET 

RECOHDEE POIHT # '^PX SHEET # g7 

OBSERVES 'La rko^ MICROSOOPB f fol RL. DATE 



FIDO 


•HORIZONTAL 


VERTICAL 


iraninr 




2/77 7 




26^?. 6 


2/769 




So^^.o 


£/?/.2 




o 


2.1 7’8-? 


SUM 


21^1.2 


8*7!-? .6 


AVERAGE 


‘2 o ? 6.^ 


•2/7?. fe 



PLUG 


HORIZOJITAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


2o?5.2 


?9 3/.I 


THRUST 


20 


^343.^ 




2<?R 2. B 


/99a. 2 


REVERSED 


2022.^ 


2 345-2 




20^3.2 


/S93.G 




ao27.f 


2343-2 






/39 2.0 




2o2?-3 


2.34 7.0 


SUM 


^33^ f? 


79 S 9 ./ 


SUM 


>0 .2 


‘5 3 7?,<; 


AVERAGE 


205*3. C 


/3 9 2.3 


AVERAGE 


2 o 2 7 . 6 
2-5 5" 3-6 


2 344.4 
/ 39 2. 3 


miTEBEHCl 


-f- 






CONSTANT 




/296 7 _ 




•/• 4-0 


•^352.3 


CCBF7ICI1NT 


f.oo3 


5^.272 








SHEAS 


2o<;6.^ 


2/79-6 


SHEAR 


2o?i .iL 


S/26-Z 




2og7.6> 


2(74-ir 


EE VERSED 


SoSi.i 


Ziis.b 




20G3.2 


2/7 7-7 




2o 8/ -o 


2 1 26 -i' 




2oH . 1 


2/73-5 




2 0 2 "3 . 3 


2/ 2V Z 


SUM 


H 2 74 .7 


'?7i)5',3 


SUM 


V3'2 ^ 


^ ,4 


AVERAGE 


lo^<g.7 


2/76-3 


AVERAGE 


ZO 2- 2. / 


2/26* 4 


DIF7ERENCI 




- 4 3 7 




^ £> 6 V ■ 7 


2/763 


CONSTANT 


.. /2&‘3 e 


/ES3.2 




/ 3.4 


- 43.7 


COIITICIENT 


V . o/ 0 










MOMENT 




2 2/24 


MOMENT 


2o?£.7 


2099.9 




20^6,5' 


2a/3, «* 


REVERSED 


2085.3 






2oS;j. 2 


22 iZ. 3 




2026-3 


2o99J 




2o«3. / 


2Z/ / . r 




so&s .9 


3o 39 * 


SUM 


%zn 




SUM 


^34 3 .2 


^39 8./ 


A VIKA G® 


Zo^i. % 


22. J 2.5 


AVERAGE 


oZ 5.% 
2o«r/. V 


2 09 9.5 


DIITESENCE 


-f 4.0 


- / / 3 . 0 




22 / 


CONSTANT 


70.75^J 






^ 4-0 


"I I 3.0 


COITJI CIEHT 


^.3 71 


--/0.30J 







V-22 



HUN #5 

BEGOS EEFORMZTER 
DATA SHEET 

RECO RDER TOINT # ^ SHEET # ^ ^ 

OBSERVER ~L-A/5ScW MICROSCOPS ^ Vo' 7 AiL C^TE IL; 



PLUG 


HORIZONTAL 


VZRTia<^L 


kfiftkAL 


/(o/S.9 


/39^.c> 










i(o /S'O 


/ 3^0, S' 




/(^ 


/59i.5 


SUM 


(oS.^ 


^^71-5 


AVERAGE 


Uon.f 


/3?2 6 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


/fSC.9 


/C^2.. O 


THRUST 




/ 740 . 4 




/9fos^ 


/OS A 5 


REVERSED 


/^9S'.0 


/llA.S 




/9^l / 


/on.o 




/A93 


/74i- / 




/97t/ 


/0 7g.i 




/X.97-4 


nS.l 


SUM 


79^S A 


A3^£-./ 


SUM 


S/7k.l 


C9S% .7 


AVERAGE 


/9^'h.d 


/o 9 A 5 


AVERAGE 


/k'94^,0 


71391 


DITTEREHCE 










7^'S 1.3 

4 


CONSTANT 








-69 4, S' 


CGEFEICIINT 




Soi 




SHEAR 


/Z //. O 


/480.I 


SHEAR 


^ o c 9- S’ 


/lAC.O 






/4BZA, 


REVERSED 


ZLO't, 7' 9 


/24So 




j:io9.r 


M 79. / 




^oLS-r 


/34S.3 




//• S 


f4 7t'6 




yz. / 




SUM 




ffZ6 ri 


SUI^ 


9Z7tf 


.j>0 <7 o, £i- 


AVERAGE 


_v^/ cA 


/4?: C A 


AVERAGE 


4cSi;/ 


rt4s / 


DIJTERENd 


■f ? S=r.^ 


- /SS./ 




/ is, /c,4 


74 A ' Z 


CONSTANT 


. r^n-^ 


/ i i S iL- 






SIS.:' 


COEmCIENT 


t. CIO 


- . /-2: 




MOMENT 


/ncA 


/37f,9 


MOMENT 


SOSS. 7 


/<Zsl 






/'3B4.S 


REVERSED 


JoS/.B 


/S09 / 




1113A 


/^7U.C 






jSm4 




// 79. ^ 


r6 9C.^ 




i oS4- O 


/Slo o 


SUM 


4^0^ .9 


oSZ'1,3 


SUM 


H Zi 7i>4 


Z-.ZAz.i 


AVERAGE 




/39/.B 


AVERAGE 


00921.0 


/sro.y 


DIFFERENCE 




^ i 




nil. z. 


7 3^7 .$■ 


CONSTANT 


/cn-79 


/0.7.r7 




S7 C.S 


7 SZ r? 


COEFFICIENT 


■^Ajsr/r 


^ n.'Ss-'j 





RUII #5 

BEGGS EEFORMETSR 
DATA SHEET 

RECOHIER POINT i SHEET # 

OBSERVEE ~/yg?/fc S<g/Vj MICROSCO^ f /07 DATE /^/?V 



PLUG 


HORIZONTAL 


VERTICAL 


"■K'Ct'RHATT" 




0 




::lcoo >o 


^r4'£.. / . 




:xoc4*!^ 


xoil4.f 




4- 


r 


SUM 


^ C-cJ ? 


/ 7 /. 7 


AVERAGE 







PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTiaAL 


THRUST 




! 0 9*9 ‘4 


THRUST 


/O/04'/ 










REVERSED 


/6 • / 


^4 /?. V 




^1X4 ‘-/ 


n^oSf 




/ Le 'i0>. .) 






^4 lO-l 


no/, i 




fU^^- ( 


/y < 


SUM 




1^199 .0 


SUM 


47377 


f 4^9 y 


AVERAGE 




//*99 


AVERAGE 




XiAfl.o 


DirFEEENCE 




7/7 3 




i4o9. V 


Jt.y9 9 


CONSTANT 


/ S f C 7 








7/7 3 


COEFFICIENT 








SHEAR 


r/44J.^ 


/ 4 r -C. 


SHEAR 


44c s', y 


/. / 




/744.^" 


y/ so.4- 


REVERSED 


.'^4cC 17 


/ 9c u. 7 




/740.O 






;2 4o 4- k 






/74/. 






xAcli -V 


7 


SUM 




^ <} 1 A 


SUM 


7 / 4.4 


7349 7 


AVERAGE 




A/Z9A 


AVERAGE 


x.4~o4 . / 


y 


DIFFERENCE 


-* LUl. O 


- /ll.9 






'■ “■' ^ . ’"/ 


CONSTANT 




. ». 




•V / • o 


“/6 4.9 


COEFFICIENT 




-. /SO 




MOMENT 




/970 7 


MOMENT 




O/ r' ^v, y" 






7-974 U 


REVERSED 


X 4 Cf 


4/74 7 










XX 7 / ' ? 


' / -'y / 




~7PWJ~ 


/774 ^ 




x'kn\-i' 


'2 i 3 9.0 


SUM 




79 0^.^ 


SUM 


" 9o%43 


334-A.S 


AVERAGE 




/7 7^ , 4- 


AVERAGE 


XkSf O 4 


X/?&.4 


DIFFERENCE 




f /<f c,o 




/r'B4. 2, 


r'i 74 


C'^NSTANT 








3^<n .4 


7 6<3. 


COEFFICIENT 




?7/ 





MCOHDBa 

OBSlRm 



RUN #5 

be 008 S^HMBTER 
INIIA SHEET 
POIJT # pp 
MIGROSOpyi /g 9 ^ A'l. 



SHEET # ^<2’ 

/fe-" y" 



ELOO 


HQHIZOim 


TIMICAL 


TRBJinr 








/9//-iT 








_ Vf/5^^ 




/^/£^ O 


•£> 


SUM 






kTERAQX 




/9r/rT 



HilO 


jBSMimnkL 


_._a»TICAL 


PLD0 


RORIZOVTAL 




THBtJET 




/^77- A> 


THKJ8T 


/S6:J.9^ 








/ 6 ^ 5 


BE7XB811) 


/ 7> Co/ 












c."" 


Z Zj /Ti. z 


SUN 




/(^o/,0 




/9%/79- 


;>^53. 2 






SDH 


o>z4s:c 


90/ 2. b 


ATZBiOl 






VnLSXQ/% 




2z 9’3. / 


rmssxEcx 




^i>£TJ5.jr 




ZXio2. 9 




OOISTAIT 








‘-70/.4 


¥ 


CX3OTICIMT 




V-, .5^7 




SHIAH j 


/7 


/999.Z, 


SHEAR 




/2S2, 9 




/ 7:?^ ^ 


A) 


HETIRSIS 


j>/4C, o 


/9S'S-9 




/7.A-2,f: 


^777, / 




/U / AC , i" 


79 zT 




^'7 /9Ci 








/r r^s. 7 


. SOM 


(j>'6 9 j / • / 


23^s.z. 


SUM 


9 C> ~Z 


1437T.I 


A71BA01 




? 


AVSRACa 


^ / 4- C>.9' 


-9 

/7f 


SITTIBZNCI 

OOESTAET 

OQOTrcnnrT 






/72.0,S 


f < C 7- ^ 

53/ 


/-i a y • O 

- . /o9 




4zc, z 


-'/I?.? 


MOMEirr 


/y/7.(o 




MOMSirT 




JZo/Co.-o 




/7/^-7 / C.'- 


/t4eo 


EXTIHSZO 


/9S9.5 


z 0 /^. ^ 




1:9 /^ / 


/94c .9" 




/9 cc:>.9- 


20 / / . / 


HUM 


7-9/ 


/944.S 




/997A 


,^,0/^.3 


746/. i" 


73 94,0 


SUM 


7%3(i.l 


%0ih.z 


ATERAOE 


/9 / 97 > 4- 


/J?4C>.o 


ATIHAOI 


/99y, o 


2 ^ / (c, , sT* 


simsxHd 




f-/ 'yp’-f 




/4fS‘ 4 


/24io.o 


COHSTAKT 


VQ.7^9 


/o ;g 5,y 




4Z‘/o 


/7^.r 

- 


ooimoiiHT 


t- ^ , ozc» 


r/e.y</^^ 





7*31 



REC'EDER 

OBSERVER 



RUN #5 

BEGGS EKFORMETER 
DATA SHEET 
POINT # S 
MICROSCOPt 4 /Oi^ Au 



SHEET f ^ I 



PLUG 


HORIZONTAL 


VERT I CAL 


WfiftkAL 














Pi 74‘^ 


/^JrC ‘V 






/ 7^£5 5 


SUM 


7999 . i. 


7C.^2.(o 


AVERAGE 


/974>(o 


/9i.a7f 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 






THRUST 


/759 3 






Z 2 




REVERSED 


/79-? , 3 


3;JL- 




^^7^ 00. 1 


/.S' 9 .?,/ 




/743, / 






k7Q0.P 


ts9o^X 








SUM 


S'So^-r^ 


C.Bio 


SUM 




9Dl/-(^ 


average 


zzo i.d. 


/:t9 /, 4 


AVERAGE 


/ 7*42.. G 


i7 " <«t 7 y 

/y 4 / , 4 


DirreRENCE 


- <;t9. 4 


C 7Ct S 






CONSTANT • 


:T 


~~7JW^ 




-4 Sf. 4 




CaZFFICIENT 


'i sj 


Pz 'P 




SHEAR 


/mc.i 


//^3.7 


SHEAR 


rcr^s'sP.y 








/9A^.a 


REVERSED 


i -7^ 


. 4 




P 997 


/9B<(,o 




^0 9l~o 


p.4<" 0 




Ploi,2> 






c7. 0 <%' ./ ‘ r'' 


/s?4:. .3 


SUM 


7Ji4,4 


7i9'lA 


SUM 




737 c./ 


AVERAGE 




7'7i4<l7 


AVERAGE 


Z09C.J 


7^42-. 4T 


DIFFERENCE 




- l4i . t 




f^7S,L 


B 


CONSTANT 




J?9.o 




/rz.3 


-/4 /, S 


COEFFICIENT 


. /V/ 


" . // C-> 




MOMENT 


^ 01 /. p 




MOMENT 


/7(^,'T 


2,Oo*-.v- 




7/<yZ"/ '/ 


/f3^ f 


REVERSED 


a9ls'.4 


2og 7 y 






/>' .)f 






:5 c:; G 












cc''i • 


SUM 


9/ ZoA 


73?4,S 


SUM 


ns% .7 




AVER.AGS 


^.cZOJ 




AVERAGE • 


/?^-4-7 


P.GG4.5 


difference 

C'^NSTANT 

COEFFICIENT 


-LP.^ 


. r az a... 




^ C> ^'\^r > / 


/ ffs.c. 


- 6, c ry 


f 0 * C 




■■ (s' ^*4- 


nzn 



V-32 



BUB #5 

BEGOS rEyORMETSR 

__ DATA SHEET 

REC'HDER POIUrr # ^ SHEET # 5^- 

OBSERVER MI CR0SC0ETir2]2^3S^ )b A V 



PLUG 


HORIZONTAL 


VERTICAL 


TTSHJinr" 














a/ 30 ., o 








B 


SUM 


20J s:t 




AVERAGE 




ZJL(cT^.O 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


^/3un 


797 7. U 


THRUST 




:2 








REVERSED 


o>? /<»'’ 0 ’ 4 


7 






/97P'/ ■ 




<.2 /'3?-7 




■ 


^/3/. / 


/45^/. / 




Z/Z4.’3 


^ir7/-5 


SUM 




rn z7 


SUM 


949 z'? 


/OZ7 9.I 


AVERAGE 


X/ 


/977..7^ 


AVERAGE 


^ / 4 4.0 


8 


D1T7ERMCE 


- i,4- 






X rz< 4 


/979-9. 


CONSTANT 




yi ^ ~t , (s 




- 9,4 


sy / ,h 


CCEFFICIENT 


- , o 1 7 






SHEAR 


Zp7 Zx. o 


< S; -i? 


SHEAR 


Z/5xr. 0^ 


^2/5'^ 




x/3^r,9 


^ ? 3 / • / 


REVERSED 


Z/34Z7 






z /Zz: / 


,^3 3-2,;:, 




^/40r.T 


•2 2 / 2 






^ V '5 Sr^ •,'** 




S/Sf.4 


$ 


SUM 


'/ rj 4 7 


3 0 


SUM 


7 -/ A yo -r/ 

r ^ vy » 


92 ^o.Z 


AVERAGE 




;^23;t.r 


AVERAGE 


^/57. lb 


ZZ./Z.S 


DIFFERENCE 


■ 3.4 


-■ / 5 <0 . 0 






7714 - 


CONSTANT 


. / ^ 9?- 9 










• >5 


- / y:,-^oc-. 


COEFFICIENT 


'h,CO‘^ 


- . c7 3 






MOMENT 


•^ / 3 0> . Zf 




MOMENT 


i 59 " / 


2 2477 




X. i ZtZ z 


*‘V9/ 


REVERSED 


^7 39 >9 


2 S 44 4 




i / 59 . / 


X / 9Z/.0 




*2 / 4 4 .9" 


X74 9-1 




aX i4o~ 4 


^ / 94 • - 




■*! 


Xi4C-U_ 


SUM 


0^ .J / C? 


^775 .« 


SUM 




73 ?7 4 


AVERAGE 


c5./5 7' S 


z/9'3 .4- 


AVERAGE 


rX /4~l 4" 


A.44-4, , 


DIFFERENCE 

CONSTANT 

COEFFICIENT 


5 


wvs:?y .4- 




4/ 5 7^ 


2 /9c:.4 


/O * A -i c 

y- . 33-;^ 


/ r. , s “ 

^ /4 rj. < 




5> 


/S%,4- 



7-33 



( 

( 

f 



( 



HUH #5 

BEGOS DEHORMSTER 
DATA SHEET 

REG RDER V POINT # “ Jl SHEET # 

OBSERVES <^yv MICE0SC0f?nr7S^^Z DATE /j, MA'^ 



PLUG 


HORIZONTAL 


VERTICAL 


"TOHaTT 


/Sr^- V 








/fz%9 












/?'/<?. 4. 


SUM 


ysc c .0 


5744 n 


AVERAGE 


/ 7cT 0 


/9^trt 



PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 


7f . v" 


/ 


THRUST 




X/ 




/S'f-o. 7 .. 


/7'/0 0 


REVERSED 




^ / /O, 4 




/S'if'O- 3 


J 7 7^? ' 7 




/W'.y" 






/91^o 


/7 T"/' 




/t 7^ >4 


r2 / f y .4 


SUM 




70 ^4 i 


SUM 






average 


o.c 


/ 77/. 


AVERAGE 




xjlx . X. 


DI ^ C£ 


-;?;0 


y- 34 / . 0 




/^9o,o 




CONSTANT 




C=> 




-Z. 0 


$ 4 ./ 


COEFFICIENT 


- .00 zu 






SHEAR 






SHEAR 


/^'7B.4 








/PSCr‘,9 


REVERSED 










/9SB.4 






/loc4 














SUM 


IS-Zl.o 


‘O 


SUM 


7f/ l.i 


7.^7 7.4^ 


AVERAGE 


/PSZ.7 


. 0 


AVERAGE 




/?99.4 


DIFFERENCE 


- 3.3 






. 7 


p i "7 , 0 


CONSTANT 


. /Z9Z.(^ 






~J,3 


- 57.4 


COEFFICIENT 


-,i0c3 


- 




MOMENT 


/'P^fa • / 




MOMENT 




/1 8 7.0 






/9A2J^ 


REVERSED 


fZ9U4 


/989. / 

















r 


/SH ^ 




/.? 


/9 9 .* 9 


SUM 


7^4/ .4: 


___ 


SUM 


IS 4-1.0 


y94-4z> 


AVERAGE 


/J? 5 ?':r. < 


/^73,4 


AVERAGE 


7 


/98u .0 


DIFFERENCE 


^ s 


V- /O. 2 . f 




- /S9S4 




C''NSTANT 


/c?, ^,.rp 


/O^ y ^r-'y 






/OZ./ 


COEFFICIENT 


■y* . '' >*' 0 


■f- 7.4i?3 




j 0 



V-34 



HUK #5 

BEOOS DEyORKETlS 
DATA SHEET 

POIFT # PZ.' SHEET # 2^ 

MI CROSOOPfc 4 date ^2 



PLUG 


HORIZOKTAL 


TlETiaL 


“wsxnr 

SUM 

ATBEAGE 



























PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


THRUST 






THRUST 










REVERSED 






SUM 

ATZRIOE 

ISnXEEVCX 

OORSTAHT 

CCBITICIIHT 




* 




















SUM 

AVERAGE 


























shear 






SHEAR 


^ roL. p 




' ro THt 


/f<7l 




REVERSED 

TtH ‘Cit-lr 1 
I'J r- u<f C. .7 / 






Syo ^ f '• ^'1 ■* 










SUM 

AVERAGE 

DI77ERENC1 

CONSTAHT 

C017EICIIRT 


/7ss:p: 




SUM 






7 ^3 L < 




/c / 7 




/9s7 / 




AVERAGE 


Pc 4 i 

/?-y 1 




s<}p:z 




/5L o 




■f~ P4 y Z ' 


P Pc- 5 




MOMENT 

SUM 

AVERAGE 

DI7TBRENC1 

CONSTANT 

COETFICIEHT 






MOMENT 

REVERSED 


















» 

SUM 

AVERAGE 




















' 























RECOHDEB 

OBSSHVEE LP/Zl^O/</ 



CHBCK HUF 
BEOOS DEWRHITSR 

^ rULTA SHEET 

RECORiaCE POINT t S SHEET # 'iC 

OBSERVES MICROSOOM k /O 7 A 7^ DATE 



PLUG 


HORIZONTAL 


VERTICAL 


"wsstnr 










SUM 

AVERAGE 



















PLUG 


HORIZONTAL 


VERTICAL 


PLUG 


HORIZONTAL 


VERTICAL 


-THRgQT- 


/ 




THRUST 








■ — 
;^3 //P 




REVERSED 






Cc^T^ 








/dr. j^c.c^ 




^3/D.% 










SUM 






SUM 






AVERAGE 


^-3/A / 




AVERAGE 


"'ThJorf 
Z3/f~ ! 




DrrVSBSNCE 


-0-50. 








CONSTANT 








- ^/3oA 




CCEITICIENT 












SHEAR 


P2.C7,^ 




SHEAR 






/C> 


P.zl.70'5 


. 


REVERSED 


fUl.9 5*^ 




- 


"7 1 - 7 






/4 /.V 2 






7 / ^ 






/'i (rl/d 




SUM 


^ 0 ^ /■"'i 




SUM 


t 




AVERAGE 


TPlo 3 




A VSRAGS 


/ 4? i' ^ .9 




DI7?£R£KCS 


- icOip 






z.:z..70'Z 




CONSTANT 








^ 6 0/ .? 




COErEICIENT 


- . 








-MOMEWT~^ 






MOMENT 


/^94,.-d^ 






^z.:i4-4 




REVERSED 


/l94 4- 




7Pjr 

CoT' 








/6 9S. ( 




J^73'3.Z~ 






/6 93 




SUM 






SUM 


(=77?./ . 




AVERAGE 






AVERAGE 






DIFFERENCE 


- .'TSf.Z 




• 






CONSTANT 


y^J? . -L. 










COETFI CIEHT 


- . 









APPEITDIX 71 

AXIAL POHCB, SPHAR, AUD MOMEFT CUR7ES 
from 

DEFORMETER READINGS 




lOPl PD 9P1 8PI 7Pl 




£L 

r- 



Q. 

00 



Q- 

0 > 



O 

£L 



Q. 

o 



d 



Q 

C/) 



I 



1 





lOPi PD 

STATIONS ALONG BENT. 



9 PI 



BENDING MOMENT CURVES 

FROM 

DEFORMETER DATA 
LOADS AS SHOWN 

LARSON-PERRY THESIS 



• * 









JUNE 1955 









T-* 






5 PI 



4 PI 



0 PI 



7 PI 



6 PI 



n-3 



48 




AP^DIX VII 



THEORETICAL SOLOTION FOR INFLUERCS LINES 




^ i X Ja- 

0, € 

N,- A tZ 

A/a -- W 

^ r 

3 - -^/l 



Ma .- J^D = 
A/ >3 - Ale ~ 



/.I 

Vd ' 




r,[ ! 

9 -Va 



!_ 

2N, 

/ 



^ Z-ViJ 

i 1 

24/a J 



<X. ((3 ~o{ 

A/r~ 






U - l4 = 3"P<sti) 

^ ^ ■ 2Z^N, 



Mx^ 

Mi. 



Va i -t Mq 
Vv i^-r) Me 



♦Reference 2J* Frame Ul, pp 150-1 



VII-1 



9 



V*. 



a 



Jki 






MO*':?:nT i:tjlu?ncr coKSTioisirr 



Cmx = /v 

C Vx - /p 
C^Hf. - ^>jp 



SHEAR IHFLUENCE CCSmClENT 
AXIAL FORCE INFLUENCE COEFFICIENT 



Cv,, z iSf I ^ fi[/^ fj - fi 1?2 

^ - / 



Chu. = _ 3^ (l-fi) , Z 



Ca»x, 



Cmx 



= X $ 




•/ 


"7^ 




a>r 

-t L 




-/• 


£zfLl 

PAzJ 


= [' 




('Z- 


s)0&- 




fi(<- 


/.O^l 


>7 


H- 

a^j. J 




— 


B2 














C'A, - 














^ - X - 


6X 


[I 




fa-aO. 


]- 


^ i 


a 


. _ 1 


- X - 


|2 


[/ 


f 0- 


-Q)f:zQ 


-J' 


0(^ 1 


-e)z 












A/j, 






t 


L 2Av -> 



- X - xC/x, - <s'x 

-- ®'J 



VII-2 



/Assume 0 bquiv a laNr [>ENr 

Jj r IN^ 

J 2 ' ^(>jl to 
I) ~ ll.7S <2i In 
Ji - 33.00 X 3 <!? fN •: ?4o/N 

A-- •23,J 

M -- 2.233 
Nz - 2. 33fe 

f>= /* 



, i 

£CRLE 'Defers to Distance fRoa^ <2 w c^qf^fh scfue ua/z^s 
/// FtC^uFc J#' 



71 1-3 



GALOOLinQl OV AXIAL 70BC1 AXD 6EIAR ZIXLnSVOl'tXniTICIZITS 



iS 


l-’P 


2f 


2P-1 


H 


R/Bo 


l/R/ia 


Cvil 


CvscI 


pa-^) 


Ottx 


SOILS 


o.p 


1.0 


0.0 


-1.0 


-1.00 


-.U174 


.5S26 


.0000 


■ ^0- 

-1.0000 


0.00 


0.0000 


180.0 


0.1, 


0.9 


0.2 


-o.s'” 


-0.72 


..3005 


.6995 


.6700 


-0.9300 


0.09 


0.1801 

' h ‘ 


i44»3 


0.2 


o.s 


0.4 


-0.6 


-0.4g 


-.2004 


.7996 


.1599 


-o.s4oi 


0.16 


0.3201'^ 


107.2 


0.3 


0.7 


0.6 


-0.4 


-0.28 


-.1169 


.8831 


.2649 


-0.7351 


0.21 


0.4202 


71.5 


o.U 


0.6 


0.8 


-0.2 


-0.12 


-.0501 


.9499 


.3800 


-0.6200 


0.24 


0.4802 


35.7 




0.5 

■’ -r- 

0.4 


1*0 


0.0 


0.00 


.0000 


1.0000 


.5000 


-0.5000 


0.25 


0.5002 


0.0 




1‘.2 


0.2 


0.08 


.0334 


1.0334 


.6200 


-0.3800 


0.24 


0.4802 


-35.7 


0.7' 

s . 

im 

■ 'ij. 


0.3 

•ry . 

•v^-. • 
> ‘ * <•, ■ 


1.4 


0.4 


0.12 


.0501 


1.0501 


.7351 


-0.2649 


0.21 

4 


0.4202 

r' 

£. • ' 

■ 1^ - . 


-71.5 






‘ K 

1 






, ■)S '• ■ 



■ •' M 

,i'- .. 

CALOOLATIOI OF B ATO B* COIBEAIfS ’ : ’"v.( .A « ;• 

'V 



•P; 


1-? 


2P 


2^1 


2^-1 

“557" 




( ) 


B 


( ) 


. 


^SCAZJB 


0.0 


1.0 


0.0 


-1.0 


A . V 

-.2086 


0.00 


.2392 


.0000 


.6564 


.0000 


180.0 


0.1 


0.9 


0.2 


-0.8 


-.1669 


0.09 


.2809 


.0253 


.6147 


.0553 


144.3 


0.2 


0.8 


0,4 


-0.6 


-.1252 


0.16 


.3226 


.0516 


.5730 


.0917 


107.2 


0.3 

> 


0.7 


0.6 


-0.4 


-.0835 


0^21 


.3643 


.0765 


.5313 


.1116 ' 


71.5 


0.4 


0.6 


0.8 


-Ow2 


-.0417 


0.24 


.4061 


.0975 


.4895 


.1175- 


35.7 

J 


0.5 


0.5 


1.0 

£1- 


0.0 , 


.0000 


0.25 


.4478 


,1119 


.4478 


. mg . 

« j 


0.0 

■ * r 


0.6 


0.4, 


1.2 


0.2 


.0417 


0.24 


.4895 


.1175 


.4061 


.0975 . 


-35.7 


0.7 


0.3 


1.4 


0.4 


.0835 


0.21 


.5313 


.1116 


.3643 


.0765 


-71.5 






> ,• 



ni-H 



x/1-.3^89 (sd) 





B 


^Vxl 


{x/l)Cyj. 


.( -B) 


Stal 


SCALl 


0.00 


0.0000 


.0000 


0.0000 


0.0000 


000.0000 


180.0 


0.10 


0.0253 


.0700 


0,0244 


-.0009 


- 0.756 


144.3 


0.20 


0.0516 


.1599 


0.055s 


0.0042 


3.528 


107.2 


0.30 


0.0765 


.2649 


0.0924 


0.0159 


13.356 


71.5 


o.Uo 


0.0975 


.3800 


0.1326 


0.0351 


29.434 


35.7 


0.50 


0.1119 


.5000 


0.1744 


0.0625 


52.500 


0.0 


0.60 


0.1175 


.6200 


0.2163 


0 . 198 S 


82.992 


-35.7 


0.70 


0.1116 


.7351 


0.2565 


0.1349 


113.316 


-71.5 



(5 


B* 


c 

Vxl 


K 

1 -CVxl 


x«/l-K 


( ) 


CMx 2 


0.00 


o.occo 


0.0000 


1.0000 


0.6511 


0.6511 


546.92 


0.10 


0.0553 


0.0700 


0.9300 


O.6O55 


0.5502 


462.17 


0.20 


0.091/ 


0.1599 


0.8401 


0.5470 


0.4553 


382.45 


C.3O 


0.1116 


0 . 264 s 


0.7351 


0.4786 


0.3670 


308.28 


C .40 


0.1175 


0.3800 










0.5c 


0.1119 


0.5000 










0.60 


0 .Q 975 


0.6200 


0. 3800 


0.2474 


0. 1499 


126.00 


0.70 


0.0765 


0.7351 


0.2649 


0.1725 


0.0960 


80.64 



ni -5 



x/ 1 = 0.5697 



‘ J.r I ; 





B 


^Vxl 


(x/l)Cy^ 


( -B) 


S<xl 


( 

scau 


0.00 


0.0000 


.0000 


0.0000 


0.0000 


. 0.0000 


180.0 


0.10 


0.02>?3 


.0700 


0.0399 


0.0146 


12.264 


144.3 


0.20 


O.O5I6 


.1599 


0.0911 


0,0395 


33. ISO 


107.2 


C.30 


0.0765 


.26U9 


0.1509 


0.0744 


62.496 


71-5 


O.Uo 


0.0975 


.3800 


0.2165 


0.1190 


99.960 


35.7 


0.50 


0.1119 


.5000 


0.2849 


0.1730 


145.32 


0.0 


0.60 


0.1175 


.6200 


0.3532 


0.2355 


197. S2 


-35.7 


0.70 


0.1116 


.7351 


0.4188 


0.3072 


258.05 


-71.5 



(3 


B' 


XV 

c 

7 x 1 


E 

1 -CVxl 


x'/l*K 


( ) 


CMx 2 


0.00 


O.GC'CO 


O.COOO 


1.0000 


0.4303 


0.4303 


361.45 


0.10 


0.0553 


C.C7C0 


0.9300 


0.4002 


0.3449 


289.72 


0.20 


O.C917 


0.1559 


o.s4oi 


O. 36 I 5 


0.2698 


226.63 


0.30 


0.1116 


0.2649 


0.7351 


0.3163 


0.2047 


171.95 


C. 4 o 


0.1175 


0.3800 


0.6200 


0.2668 


0.1493 


125.40 


C.pC 


0.1119 


0.5000 


0.5000 


0.2152 


0.1033 


86.77 


0.60 


0.0975 


0.6200 


0.3800 


0.1635 


0.0660 


55.44 


0. 70 


0.0765 


0.7551 


0.2649 


0 . 1 l 40 


0.0375 


31.50 



71 1 -6 



x/ 1,0. 7222 , , . 





B 


^Vxl 


(x/l)Cy^ 


,( -B) 


^1 


SCALl 


0.00 


0.0000 


.0000 


0.0000 


0.0000 


0.0000 


180.0 


0.10 


0.0253 


.0700 


0.0506 


0.0253 


21.252 


144.3 


0.20 


O.O5I6 




0.1155 


0.0639 


53.676 


107.2 


C.30 


0.0765 


.2649 


0.1915 


0. ii4g 


96.432 


71.5 


o.Uo 


0.0975 


0 

0 

60 


0.2744 


0.1769 


148.596 


35.7 


0.50 


0.1119 


.5000 


0.3611 


0.2492 


209.328 


0.0 


0.60 


0.1175 


.6200 


0.4478 


0.3303 


277.452 


-35.7 


0.70 


0.1116 


.7351 


0.5309 


0.4193 


352.212 


-71.5 



x‘/l=l-x/ 1=0.2278 



p 


B' 


C 

Vil 


K 

1-CVxl 


x«/l*K 


( ) 


CMx2 


0.00 


o.occo 


O.COOO 


1.0000 


0.2778 


0.2278 


233.52 


0.10 


0.0553 


0.0700 


0.9300 


0.2584 


0.2031 


170.60 


C.20 


0.051/ 


0.1559 


0.8401 


0.2334 


0.1417 


119.03 


C.30 


0.1116 


0.2649 


0.7351 


0.2042 


0.0926 


77.7s 


C.4o 


0.1175. 


0. 3800 


0.6200 


0.1722 


0.0547 


45.95 


C.5C 


0.1119 


0.5000 


O.5OCO 


0.1389 


0.0270 


22.68 


0.60 


0.0975 


0.6200 


0. 3800 


0.1056 


0.0081 


6.80 


0.70 


0.0765 


0.7351 


0.2649 


0.0736 


-0.0029 


- 2.44 



VI 1-7 



X/ 1-.8593 ( 7 ?l) 





B 


^Vxl 




( -B) 


^1 


SGALl 


0.00 


0.0000 


.0000 


.0000 


.0000 


0.0000 


180.0 


0.10 


0 . 02^3 


.0700 


.0602 


.0349 


29. 3160 


1411.3 


0.20 


O.O5I6 


.1599 


.1374 


. 085 S 


72.072 


107.2 


C.30 


0.0765 


.26U9 


.2276 


.1511 


126.924 


71.5 


O.Uo 


0.0975 


• 

OQ 

0 

0 


.3265 


.2290 


192.36 


35.7 


0.50 


0.1119 


.5000 


.4297 


.317s 


266.95 


0.0 


0.60 


0.1175 


.6200 


.532s 


.4153 


347.34 


- 35.7 


0.70 


0.1116 


.7351 


.6316 


.5200 


436. s 


- 71.5 



x‘/l«l-jc/lr.lU07 



p 


B' 


1- 

c 

Vxl 


K 

x'/lCVx] 


x'/l-K 


( ) 


CMX 2 


c.oo 


o.occo 


0.0000 


0.0000 


0.1407 


o.i 4 o 7 


118.19 


0.10 


0.0553 


0.0700 


0.0098 


0.1309 


00.0756 


63.50 


C.20 


0.091/ 


0.1559 


0.0225 


0.1182 


0.0265 


22.26 


0.30 


0.1116 


0.26U9 


0.0373 


0.1034 


- 0.0082 


- 6.89 


c.Uo 


0.1175 


0.3800 


0.0535 


0.0872 


-.0303 


- 25.45 


0.5c 


0.H19 


0.5000 


0.0704 


0,0703 


- 0.0416 


- 34.94 


0.60 


0.0975 


0.6200 


0.0872 


0.0535 


- 0.0440 


- 36.96 


0.70 


0.0765 


0,7351 


0.1034 


0.0373 


-0.0392 


- 32.93 



irii -5 



APPsmx vrii 



LISTING OF FULL-3CAL3 T55ST lATA 



USS YORKTOWN - Stressao in Bent Frames at Increasing Distances from 
Main Deck - Bowstring Mode 

Expressed in pounds per square inch per 100-kip load 



Station 


Fr. 155 Load Centerline 


Fr. 155 Loi 


2PI 


- 180 


0 


3PI 


- 44o 


0 


4 pi 


-2550 


-3070 


5?i 


-2670 


-3500 


6PI 


-3060 


-3900 


m 


-3110 


-3530 


8PI 


-1330 


/ 340 


9PI 


- 680 


/I59O 


lOPI 


/2430 


/2IOO 


CLP 


/3320 


/ 730 


CLS 


/4030 


/ 600 



nji-1 




US3 TOBKTOWN - B«ndln< Moment la Bees* frame 1^5, Centerline Load 



uas TOBITOWH - Bendln* **onent. fraiM 155* Off-Center Load 

6 

Unite of 16 Inoh-poonde 



Cai^e 


M Calculated 


OLS 


2.07 


CLP , 


2.57 


lOPI 


4,19 




4.33 


8PI 


1.25 , 




. 1.05 . 






M OLeerred 

1.3 

1.4 
1.9 
2.1 
1.1 
1.0 
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APPENDIX IX 



CALCULATIONS OP STRESS VALUES 



100 kip Load Cj^ ( ISie ore t leal) 



POINT 


Z (in.^) 


A (In.^) 


M 


MxlO^/Z 


F 


FxIO^/A 


STRESS 


SD 


S77.^5 


41.61 


53.0 


604o.2„ 


-0.500 


-1201.6 


4,838.6 


CLS 


1106.49 


47 .'96 


113.1 


10221.5 


-0.500 


-1042.5 


9.189.0 


CLP 


1106.49 


47.96 


113.5 


10257.7 


-0.500 


-1042.5 


9.215.2 


lOPI 


1106.49 


47.96 


86.4 


7808.5 


-0. 500 


-1042,5 


6,766.0 


9PI 


S77.45 


41.61 


22.8 


2598.4 


-O.5OG 


-1201.6 


1.396.8 


8PI 


1297-88 


49.78 


- 18.0 


-1386.9 


-0.500 


-1004.4 


•2.391,3 


7PI 


1576.66 


62,92 


- 34.9 


-2213.5 


-0;500 


- 794.7 


•3.008.2 


6PI 


1955*46 


76.42 


- 49.0 


-2505.8 


-0.500 


- 654.3 


•3.160.1 


5PI 


2415.20 


92. 61 


- 65.4 


-2707.9 


-0.500 


- 540.0 


-3.247.9 


Upi 


2389.50 


91.54 


- 95.3 


-3988.3 


-0.500 


- 546.2 


-4.534.5 



STRESS = MxlO^/Z / ?x10^/a for a 100 kip load 



lOOkip Load Cj^ (Deformeter) 



POINT 


Z (In.^) 


X (In.^) 


M 


MxlO^/Z 


7 


FxlO^/x 


STRESS 


3D 


877.45 


41.61 


32.2 


3669.7 


-C.605 


-1454.0 


2215.7 


CLS 


1106.49 


47.96 


95.0 


8585.7 


-0.6O5 


-1261.5 


7324.2 


CLP 


1106.49 


47.96 


95.5 


8630.9 


-0.6O5 


-1261.5 


7369.4 


lOPI 


1106.49 


47.96 


68.0 


6145.6 


-O.605 


-1261.5 


4884.1 


gpi 


877. »+5 


41.61 


4.7 


535.6 


-O.605 


-1454.0 


- 918.4 


5PI 


1297.88 


49.78 


- 37.8 


-2912.4 


-0.605 


-1215.3 


-4127.7 


7PI 


1576.66 


62.92 


- 52.5 


-3329.8 


-O.605 


- 961.5 


-4291.3 


6PI 


1955.46 


76.42 


- 66.3 


-3390.5 


-O.605 


- 791.7 


-4182.2 


5PI 


2415.20 


92. 61 


- 82.8 


-3428.3 


-O.605 


- 653.3 


-4031.6 


4pi 


2389.50 


91.54 


-113.0 


-4729.0 


-O.605 


- 660.9 


-5389.9 



STRESS = HxlO^/Z / Pi10^/a for a 100 kip load 



IX-2 



MOMENT CALCULATION FROM STRESS FOR 100 kip Load (Actual) 



POINT 


Z (in.^) 


A (In.^) 


M 


MxlO^/Z 


Deform 

F 


7x10 ^ /a 


STRESS 


SD 


877.45 


41.61 






■ - 






CLS 


1106.49 


47.96 


58.55 


5291.5 


-O.6O5 


-1261.5 


4030 


CLP 


1106.49 


47.96 


50.69 


4581.5 


-O.6O5 


-1261.5 


3320 


lOPI 


1106.49 


47.96 


40.35' 


3691.5 


-O.6O5 


-1261.5 


2430 


9PI 


877.45 


41.61 


6.79 


774.0 


-O.6O5 


-1454.0 


- 680 


gPI 


1297.88 


49.78 


- 1.49 


- 114.7 


-O.6O5 


-1215.3 


-1330 


7PI 


1576.66 


62.92 


-33.37 


-2143.5 


-O.6O5 


- 961.5 


-311© 


6PI 


1955.46 


76.42 


“.44, 36 


-2263.3 


-O.6O5 


- 791.7 


-306O 


5PI 


2415.20 


92. 61 


-4s. 71 


-2016.7 


-O.6O5 


- 653.3 


-2670 


4pi 


2389.50 


91.54 


-45.14 


-1889.1 


-O.6O5 


- 660.9 


-2550 



STRESS = Mx1o5/2 / 7x 10^/A for a 100 kip load 



100 kip Load Port (Theroetlcal) 



P0I5T 


Z (in.^) 


A (In.^) 


M 


MxlO^/Z 


r 


Fx10^/A 


STRESS 


SD 


877. 


41.61 


11.0 


1,253.6 


-0.400 


- 961.3 


292.3 


CLS 


1106. 49 


47.96 


40.8 


3.687.3 


-0.400 


- 834.0 


2853-3 


CLP 


1106.49 


47.96 


42,6 


3.850.0 


-0.400 


- 834.0 


3016. 0 


lOPI 


1106.49 


47.96 


55.6 


5.024.9 


-0.400 


- 834.0 


4190.9 


gpi 


877.45 


41.61 


86.0 


9.801.1 


-0.400 


- 961.3 


8839.8 


8PI 


1297.88 


49.78 


24.0 


1,849.2 


-0.400 


- 803.5 


1045.7 


7PI 


1576.66 


62.92 


- 2.0 


- 126.9 


-0.400 


- 635.7 


- 862.6 


6PI 


1955.46 


76.42 


- 24.0 


-1.227.3 


-0.400 


- 523. 


-1750.7 


5PI 


2415.20 


92.61 


- 49.0 


-2,028.8 


-0.400 


- U31.9 


-2460.7 


4pi 


2389.50 


91.54 


- 95.3 


-3.988.3 


-0.400 


- 437.0 


-4425.3 



STRESS = HxlO^/2 / Pi 10^/A for a 100 kip load 



100 kip Load Port (Defonneter) 



POINT 


Z (In.^ 


A (In.^) 


M 


MxlO^/Z 


7 


PxIO^/A 


STRESS 


3D 


877.45 


41.61 


- 3.8 


- 433.1 


-0.480 


-1153.6 


-1586.7 


CLS 


1106.49 


47.96 


25.0 


2259.4 


-0.480 


-1000.8 


1258.0 


CLP 


1106.49 


47.96 


27.4 


2476.3 


-0.480 


-1000. 8 


1475.5 


lOPI 


1106.49 


47.96 


40.3 


3642.1 


-0.480 


-1000.8 


2641.3 


9?I 


877.45 


41.61 


72.0 


8205.6 


-0.480 


-1153.6 


7052.0 


gpi 


1297.88 


49.78 


10.0 


770.5 


-0.480 


- 964,2 


- 193.7 


7PI 


1576.66 


62.92 


- 14.8 


- 938.7 


-0.480 


- 762.9 


-1701.6 


6PI 


1955.46 


76.42 


- 36.4 


-1861. 5 


-O.I18O 


- 628.1 


-24s9.6 


5PI 


2415.20 


92. 61 


- 61.2 


-2534.0 


-0.480 


- 518.4 


-3052.4 


4pi 


2389.50 


91.54 


-107.3 


-4490.5 


-0.480 


- 524.4 


-6014.9 



STRESS - MxlO^/Z / Px10^/a for a 100 kip load 



MOMENT CALCULATION FROM STHIJSS FOR 100 kip Load Port (Actual) 



POINT 


Z (In.^) 


A (In.^) 


M 


MilO^/Z 


Defcr^a 

T 


PxIO^/a 


STRESS 


SD 


877.45 


41.61 












CLS 


1106.49 


47.96 


17.71 


1600.8 


-0.480 


-1000.8 


600 


CLP 


1106.49 


47.96 


19.15 


1730.8 


-0.480 


-ICOO.S 


730 


lOPI 


1106.49 


47.96 


3*+.3l 


3100.8 


-0.480 


-1000.8 


2I0C 


9PI 


877-45 


41.61 


24,07 


2743.6 


-0.480 


-1153.6 


1590 


5PI 


1297. 8S 


49.78 


16.93 


1304.2 


-0.480 


- 964.2 


34c 


7PI 


1576.66 


62.92 


.. 43,63 


-2767.1 


-0.480 


- 762.9 


-3530 


6PI 


1955.^6 


76.42 


- 63.98 


-3271.9 


-0.4S0 


- 628.1 


-3900 


5PI 


2415.20 


92.61 


- 72.03 


-2981.6 


-0.480 


- 5I8.** 


-3500 


4pi 


2389.50 


91.54 


- 60.83 


-2545.6 


-0.480 


- 524.4 


-3070 



STRESS = MxlO^/Z / 7 i10^/a for a 100 kip load 



APF2NDIX X 



STRESS DIFPZHMCS CDEVS DATA 





STRESS 


DIFTEREHCE 


0 

1 


- GENTERLiraS LOAD 




SCALX 


THEORY 


ISEFORM 


PROTO 


TH-rBT 


TH-PRO 


DBT-PRO 


- 3.0 


4330 


1690 


460 


2640 


3 S 70 


1230 


0.0 


- 93 SO 


7510 


3800 


1870 


5580 


3710 


2.0 


5240 


3250 


1540 


1990 


3700 


1710 


4.0 


1080 


-1030 


- 720 


2110 


1800 


- 310 


5.0 


-1000 


-3150 


-1860 


2150 


860 


-1290 


5.5 


-2040 


-3990 


-2420 


1950 


380 


-1570 


6.0 


-2770 


-4250 


-2900 


1450 


130 


-1350 


6.5 


-3110 


-4280 


-3100 


1170 


10 


-1180 


7.0 


-31SO 


-4180 


-3O8O 


1000 


- 100 


-1100 


7.5 


-3200 


-4050 


-2750 


850 


- 450 


-1300 


8.0 


-3440 


-4190 


-2600 


750 


- 840 


-1590 


9.0 


-4650 


-5420 


-2560 


770 


-2090 


-1860 



X -1 



STSSSS EIPFZHBNCE CURVE DATA - POET LOAD 



SCALE 


THEORY 


DEFORM 


PROTO 


TH-1®P 


TH-PRO 


lEF-PRO 


‘ 3.0 


0 


-1980 


-1050 


1980 


1050 


- 930 


-2.0 


950 


- 800 


- 500 


1750 


1450 


- 300 


-1.0 


1930 


300 


60 


I63O 


1870 


240 


O.C 


2940 


1350 


650 


1590 


2290 


700 


l.C 


4020 


2400 


1300 


1620 


2720 


1100 


2.0 


5160 


3520 


1980 


l 64 o 


3I8O 


1540 


3.0 


6510 


4820 


2710 


1690 


3800 


2110 


3.5 


7350 


5660 


3110 


1690 


4240 


2550 


4.0 


Sg 4 o 


7050 


3520 


1790 


5320 


3530 


4.5 


5700 


3950 


2400 


1750 


3300 


1550 


5.0 


3460 


1850 


1080 


1570 


2380 


810 


5.5 


1600 


340 


- 530 


1260 


2130 


870 


6.0 


150 


- 870 


-2450 


1020 


2600 


1560 


6.5 


-1000 


-1830 


-3680 


830 


2680 


1850 


7.0 


-1740 


-2460 


-3910 


720 


2170 


1450 


S.O 


-2810 


-3420 


"3390 


610 


580 


- 30 


9.0 


-4425 


-6015 


-306O 


1590 


-1365 


"2955 
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CALCULATION OP CONSTANTS FOR BENT DESIGN FORMULA 



CALCULATION 07 BENT LESION FORMULA. CONSTANTS 



LOAD 


DIRCT 


Scl - Spl 


Si 




CL-T 


P&S 


5570 


3800 


9370 


CL-D 


P&S 


3710 


3800 


7510 


P-T 


P 


4040 


3190 


7230 


P-D 


P 


2590 


3190 


5780 


P-T 


S 


4o4o 


3190 


7230 


P-D 


S 


2590 


3190 


5780 
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^1 
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-2710 
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.405 


.692 
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-3690 


-8660 


-12350 


.441 


.702 


-5650 
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-14310 
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.605 


-1520 
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- 6420 


.441 
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